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Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 
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Secondary Prevention After High-Risk Acute 
Myocardial Infarction with Low-Dose Acebutolol 
Jean-Pierre Boissel, Alain Leizorovicz, Héléne Picolet, and 
Jean-Claude Peyrieux for the APS! Investigators 


This double-blind, placebo controlled trial was designed to test 
the effect of acebutolol, a 8 blocker with mild intrinsic sympa- 
thomimetic activity in high-risk postacute myocardial infarc- 
tion patients. Six hundred seven patients were included. The 1- 
year mortality in the placebo group was 12.4%. With an aver- 
age follow-up of 318 days, the total mortality decrease was 
48% and the vascular mortality decrease was 58%. 
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Improved Survival but not Left Ventricular Function 


with Early and Prehospital Treatment with Tissue 

Activator in Acute Myocardial Infarction 
Gabriel |. Barbash, Arie Roth, Hanoch Hod, Hilton |. Miller, 
Michaela Modan, Shemuel Rath, Yedahel Har Zahav, Amir 
Shachar, Shemuel Basan, Alexander Battler, Michael Motro, 
Babeth Rabinowitz, Elieser Kaplinsky, Uri Seligsohn, and 
Shlomo Laniado 


One hundred ninety patients with acute myocardial infarction 
received recombinant tissue-type plasminogen activator 2.0 + 
0.8 hours after the onset of symptoms. Patients treated within 
2 hours of symptom onset had significantly lower short- and 
long-term mortality. Prehospital initiation of rt-PA treatment 
appears to be safe and feasible and resulted in a 40-minute 
decrease in the time from symptom onset to treatment 
initiation. 
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Effects of Early Intervention with Low-Dose Aspirin 


(100 mg) on Infarct Size, Reinfarction and Mortality in 
Anterior Wall Acute Myocardial Infarction 

Freek W.A. Verheugt, Arnoud van der Laarse, Albert J. 
Funke-Kipper, Luc G.W. Sterkman, Tjebbe W. Galema, and 
Jan P. Roos 


In a prospective, randomized placebo-controlled trial, the in- 
fluence of early intervention with low-dose aspirin (100 mg 
daily given for 3 months) on infarct size (cumulative plasma 
lactate dehydrogenase release) and clinical outcome was stud- 
ied in 100 consecutive patients with first anterior wall acute 
myocardial infarction. Early aspirin decreased infarct size by 
about 10% and 3-month mortality was also lower in the aspirin 
group, but these differences were not statistically significant. 
Our data indicate that the effect of early aspirin on mortality 
in acute myocardial infarction, as reported in large trials, is 
probably due more to prevention of reinfarction than to de- 
crease of infarct size. 
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Beneficial Effect of Magnesium Sulfate in Acute 
Myocardial Infarction 

Michael Shechter, Hanoch Hod, Nila Marks, Shlomo Behar, 
Elieser Kaplinsky, and Babeth Rabinowitz 


The effects of magnesium on the incidence of arrhythmias and 
on mortality were evaluated in 103 patients with documented 
acute myocardial infarction in a randomized, double-blind, 
placebo-controlled study. Fifty patients received a magnesium 
infusion for 48 hours and 53 received placebo. No adverse 
effects were observed during and after magnesium infusion; 
these data support a possible protective role of magnesium in 
patients with AMI. 


275 
Effect of Dipyridamole at the Usual Oral Dose on 
Exercise-Induced Myocardial Ischemia in Stable 
Angina Pectoris 

Tsuneo Tsuya, Michio Okada, Hiroo Horie, and 

Kyozo Ishikawa 





We performed a randomized, double-blind, placebo-controlled 
crossover study to investigate the effect of dipyridamole at a 
usual oral dose of 150 mg/day on 18 patients with angina 
pectoris. The degree of ST depression and the threshold for 
angina pectoris in the treadmill exercise electrocardiography, 
which was performed on the last days of dipyridamole and 
placebo administration, were compared. A usual oral dose of 
dipyridamole induced myocardial ischemia during exercise in 
some patients, while it improved it in a similar number of 
patients. 
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Reduction of Myocardial Ischemia During 
Percutaneous Transluminal Coronary Angioplasty with 
Oxygenated Fluosol® 

Kenneth M. Kent, Michael W. Cleman, Michael J. Cowley, 
Mervyn B. Forman, C. Carl Jaffe, Marvin Kaplan, Spencer B. 
King Ill, Mitchell W. Krucoff, Thomas Lassar, Bruce McAuley, 
Rafael Smith, Charlene Wisdom, and Daniel Wohlgelernter 


In a multicenter trial of 245 patients, we examined the effects 
of a perfluorochemical emulsion (Fluosol®) on myocardial 
ischemia during percutaneous transluminal coronary angio- 
plasty. Perfusion with Fluosol is effective in alleviating myo- 
cardial ischemia during angioplasty and can be safely adminis- 
tered in this patient population. 
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Outcome Following Emerg Artery 
Bypass Grafting for Failed Elective Balloon Coronary 
in Patients with Prior 


Warren L. Johnson, Lee V. Giorgi, Thomas M. Shimshak, and 
Geoffrey O. Hartzler 


What are the frequency and outcome of emergency coronary 
artery bypass grafting for failed angioplasty in patients with 
prior CABG? We assessed these in 2,136 elective angioplasty 
procedures in prior CABG patients. Emergency CABG after 
failed angioplasty in patients with prior CABG is required in- 
frequently; in patients without extreme high-risk features, 
emergency repeat CABG can be accomplished with good hos- 
pital and long-term results. 


EES gL a RR a OPE a Sc ee ae 
Role of Tricuspid Regurgitation and Left Ventricular 
Damage in the Treatment of Right Ventricular 
Infarction-Induced Low Cardiac Output Syndrome 
Jean-Francois Dhainaut, Emmanuel Ghannad, Didier 
Villemant, Fabrice Brunet, Jean-Yves Devaux, Bruno 
Schremmer, Pierre Squara, Simon Weber, and 
Julien-Francois Monsallier 


The effect of tricuspid regurgitation and extensive left ventric- 
ular infarction and its influence on the treatment response 
were studied in 20 patients with right ventricular myocardial 
infarction, 5 of whom had severe tricuspid regurgitation and 8 
of whom had depressed LY function. Volume loading in- 
creased cardiac output slightly in all patients. Dobutamine, 
which improved right ventricular function and consequently 
LV preload, was especially efficacious in patients with de- 
pressed LV function. 


Ae AA A era a a a ad MOPS 
The Divergent Recovery of ST-Segment Depression 
and Radionuclide Angiographic Indicators of 

Ischemia 
Pierce J. Vatterott, Peter C. Hanley, Harold T. Mankin, and 
Raymond J. Gibbons 


We evaluated the recovery after exercise of both electrocardio- 
graphic ST-segment depression and exercise-induced abnor- 
malities in regional wall motion and ejection fraction in 31 
patients who had persistent ST-segment depression after exer- 
cise. Radionuclide angiographic evidence of ischemia recovers 
more quickly after exercise than ST-segment depression. 


NERS NEE a Coady non See ee Cee 

Acute Coronary Vasomotor Effects of Nifedipine and 
Correlates in Syndrome X 

Piero Montorsi, Sergio Cozzi, Alessandro Loaldi, Franco 

Fabbiocchi, Alvise Polese, Nicoletta De Cesare, and 

Maurizio D. Guazzi 


In 18 patients with syndrome X, 10 mg sublingual nifedipine 
significantly increased coronary artery diameter, blood flow 
and plasma norepinephrine concentration and decreased coro- 
nary resistance and ST-segment response to exercise. After 4 
weeks of treatment with nifedipine (10 to 20 mg, 4 times dai- 
ly), the ST-segment response to exercise was further improved 
concomitantly with a decrease in norepinephrine plasma con- 
centrations. Thus, nifedipine exerts a beneficial effect in syn- 
drome X through coronary vasodilatation; reflex activation of 
the adrenergic system may, in some cases, restrict the thera- 
peutic effect of the drug in the short-term treatment but not in 
the long-term treatment. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


WS ee Leena: SAO AE LoS alee Le 
Relation Between Ventricular Late Endocardial Activity 
During Intraoperative Mapping and Low-Amplitude 
Signals Within the Terminal QRS Complex on the 
Signal-Averaged Surface am 
Hans-Joachim Schwarzmaier, Ulrich Karbenn, Martin 
Borggrefe, Jorg Ostermeyer, and Ginter Breithardt with the 
technical assistance of Klaus Balkenhof? 


We performed noninvasive recording of ventricular late poten- 
tials and intraoperative endocardial mapping at 36 sites in 24 
patients with left ventricular aneurysm and drug-resistant sus- 
tained ventricular tachycardia due to coronary artery disease. 
Fer detection of late potentials on the signal-averaged QRS 
complex, 3 different algorithms were used. Patients with a late 
potential showed a higher number of recordings exceeding a 
given endocardial delay than patients without (5.5, 5.5, and 5.6 
sites vs 2.4, 1.1, and 0.9 sites). They also exhibited an increased 
mean endocardial delay (38, 35, and 37 ms vs 20, 19, and 11). 
There was no correlation between the duration or amplitude of 
the late potential, if present, and the number of endocardial 
sites exhibiting delayed activity or the mean duration of the 
endocardial delayed activity. These results indicate that the 
presence of late potentials on the signal-averaged surface ECG 
is related to the mean duration of endocardial late activity as 
well as to the number of endocardial sites exhibiting a given 
degree of delayed activation. Thus, it is dependent on the mass 
of slowly activated tissue. 
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DIS ee ee ee EE Me ca 
Studies of Left Ventricular Dysfunction (SOLVD)— 
Rationale, Design and Methods: Twe Trials That 
Evaluate the Effect of Enalapril in Patients with 
Reduced Fraction 

The SOLVD Investigators 


The Studies of Left Ventricular Dysfunction is an integrated 
research program of patients with low ejection fraction or con- 
gestive heart failure. The program includes 2 clinical trials, 1 
in symptomatic and 1 in asymptomatic patients, of the effec- 
tiveness of enalapril on mortality. In addition, a registry of 
patients with left ventricular dysfunction has been established. 


Ventricular Systolic Pressure in Congestive Heart 
Failure 
Gerald J. Simkus and David H. Fitchett 


We studied the effect of nitroprusside on central aortic and 
peripheral radial arterial pressures in 10 patients with severe 
congestive heart failure. Our results show that nitroprusside 
does not reduce periphera! and aortic systolic pressure equally. 
We suggest that peripheral pressure measurements for the as- 
sessment of left ventricular afterload must be used cautiously, 
especially in patients who are receiving vasodilatator therapy. 
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Early and Late Changes in Left Ventricular Systolic 


Performance After Percutaneous Aortic Balloon 
Valvuloplasty 

David H. Harpole, Charles J. Davidson, Thomas N. Skelton, 
Katherine B. Kisslo, Robert H. Jones, and 


Thomas M. Bashore 


Seventeen patients underwent radionuclide angiography with 
simultaneous high-fidelity micromanometer pressure before, 
10 minutes after and 6 months after aortic valvuloplasty. Im- 
mediately after the procedure, the mean and peak aortic trans- 
valvular gradient decreased and aortic valve area increased. 
There were little data to support an intrinsic change in myo- 
cardial contractile performance at any postprocedural interval 
after aortic valvuloplasty; the changes in hemodynamics are 
primarily the function of altered loading conditions. 


Detection and Assessment of Severity of Tricuspid 


Regurgitation Using First-Pass Radionuclide 
Angiography and Comparison with Pulsed Doppler 


Kim A. Williams, Patricia E. Walley, and James W. Ryan 


Using first-pass radionuclide angiography, we performed non- 
invasive detection and semiquantitative assessment of tricuspid 
regurgitation in 51 patients. Right atrial “injection fraction” 
during first-pass RNA allows detection and grading of the 
severity of TR, with results very similar to pulsed Doppler 
echocardiography. 


CONGENITAL HEART DISEASE 


Long Follow-Up (to 43 tea of Ventricular Septal 


Defect with Audible Aortic R 

Larry A. Rhodes, John F. Keane, John P. Keane, Kenneth E. 
Fellows, Richard A. Jonas, Aldo R. Castaneda, and 
Alexander S. Nadas 


From 1946 to March 1989, 92 patients (33 women and 59 
men) were seen with ventricular septal defect and audible aor- 
tic regurgitation. The VSD was subcristal in 62 patients, sub- 
pulmonary in 21 and unknown in the remaining 9; the median 
age of onset of aortic regurgitation was 5.3 years and the risk 
of developing it was 2.5 times greater in those with a subpul- 
monary VSD. Procedures consisted of VSD closure alone in 7 
patients, VSD closure and valvuloplasty in 50 and VSD closure 
and aortic valve replacement in 15; the degree of AR was more 
effectively decreased by valvuloplasty in those operated on un- 
der the age of 10. 


346 

Frequency and Prognosis of Arrhythmias After 
“Correction” of Tetralogy of Fallot 

Guy Vaksmann, Anne Fournier, André Davignon, Gilles 

Ducharme, Lucile Houyel, and Jean-Claude Fouron 


We followed 224 consecutive patients operated on for tetralogy 
of Fallot from 1 to 28 years (mean 11). Mean age at surgery 
was 5.3 years (range 1 to 14). Twenty-four-hour ambulatory 
monitoring in 92 patients demonstrated significant ventricular 
arrhythmias (>grade 2 of the Lown grading system) in 41 
(45%). Incidence of ventricular arrhythmia correlated with 
length of follow-up and duration of cardiopulmonary bypass. 
There were no sudden deaths. Systematic treatment of postop- 
erative ventricular arrhythmias in tetralogy of Fallot should be 
reconsidered. 
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An Electrocardiographic Midterm Follow-Up Study 
After Anatomic Repair of Transposition of the Great 
Arteries 

Juan Villafane, Sara White, Francisco Elbl, Allan Rees, and 
Robert Solinger 


Prospective studies of rhythm and conduction, before and after 
l-stage anatomic repair of simple transposition of the great 
arteries, were performed on 24 survivors. Asymptomatic low- 
grade atrial and ventricular ectopic activity was infrequently 
observed in 24-hour electrocardiograms performed 1, 2, 3 and 
4 years after surgery. After a mean follow-up of 3 years, all of 
our patients remain in sinus rhythm. 


MISCELLANEOUS 


355 — en eee ee ee p 
Safety of Cardiac Angiography with Conventional lonic 
Contrast Agents 

John W. Hirshfeld, Jr., William G. Kussmaul, Peter M. 
DiBattiste, and the Investigators of the Philadelphia Area 
Contrast Agent Study 


We gathered data on the frequency of adverse reactions to 
conventional contrast agents in 4,630 cardiac angiographic 
procedures. The adverse reaction rate was 14.2% for minor and 
1.3% for major events; there were no deaths. Patients with 
higher New York Heart Association classes and elevated left 
ventricular end-diastolic pressure had the most adverse reac- 
tions. Cardiac angiography can be performed safely in most 
patients with conventional high osmolality ionic contrast 
agents. 


ON na a ah 
Self-Efficacy and In-Patient Cardiac Rehabilitation 
Neil B. Oldridge and Barbara L. Rogowski 


Fifty-one cardiac patients were randomized to either a ward 
ambulation program or a dedicated exercise center before hos- 
pital discharge to assess changes in self-efficacy. Of the many 
variables tested, the dedicated exercise center patients had 
higher self-efficacy scores for walking time and overall exer- 
tion only. These 2 types of in-patient exercise programs appear 
to be equally effective but the lower cost of the ward ambula- 
tion program suggests it is more cost-effective. 


EDITORIALS 


The Hazards of Using Type 1C Antiarrhythmic Drugs 
for the Treatment of Paroxysmal Atrial Fibrillation 
Frank |. Marcus 


Se ee ee ee Oe 
Rationale Against the Drug Treatment of Marginal 
Diastolic Systemic Hypertension 

Edward D. Freis 
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Bird Brains: The Evolution of Scientific Misconduct 
George A. Diamond 
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Dobutamine and Improvement of Regional and Global 
Left Ventricular Function in Artery Disease 


Assad Movahed, William C. Reeves, Gregory C. Rose, William 
S. Wheeler, and Stanley R. Jolly, with technical assistance 
from Sandra Kearney and Paula E. Barnhill 


377 
Semiselective Angiography of the Internal Mammary 
Arteries as a for 


Rudolf Krijne, Mario C.-H.K. Deng, Karl-Wilhelm Heinrich, 
Hermann Sons, and Arno Krian 


o T M i es 
Possible Atrial Proarrhythmic Effects of Class 1C 


Gregory K. Feld, Peng-Sheng Chen, Pascal Nicod, R. Peter 
Fleck, and David Meyer 
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Fish Oil Supplements and Restenosis After 
Percutaneous T 


ransluminal Coronary 
Gregg J. Reis and Richard C. Pasternak 


Late Morphologic Findings After Coronary 
Endarterectomy 
V.M. Walley, R.W. Byard, and W.J. Keon 


Plasma and Treatment of Heart Failure 
Gregory J. Hasking, Murray D. Esler and Garry L. Jennings 


Usefulness of Echocardiography in Managing Left 
Ventricular Thrombi After Acute Myocardial Infarction 
Dennis A. Plante and Paul T. Vaitkus 
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CardioGen-82* 
Rubidium Rb 82 Generator 


INDICATIONS AND USAGE 

Rubidium chloride Rb 82 injection is a myocardial perfusion agent that is 
useful in distinguishing normal from abnormal myocardium in patients with 
suspected myocardial infarction. 

Cardiogen-82 (Rubidium Rb 82 Generator) must be used with an infu- 
sion system specifically labeled for use with the generator and capable of 
accurate measurement and delivery of doses of rubidium chloride Rb 82 
injection not to exceed a single dose of 2220 MBq (60 mCi) and a cumu- 
lative dose of 4440 MBq (120 mCi) at a rate of 50 mL/min with a maximum 
volume per infusion of 100 mL and a cumulative volume not to exceed 200 
mL. These performance characteristics reflect the conditions of use under 
which the drug development clinical trials were conducted. 

Adequate data from clinical trials to determine precise localization of 
myocardial infarction or identification of stress-induced ischemia have not 
been collected. 

Positron emission tomographic (PET) instrumentation is recommended 
for use with rubidium chloride Rb 82 injection. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

Caution should be used during infusion as patients with congestive heart 
failure may experience a transitory increase in circulatory volume load. 
These patients should be observed for several hours following the Rb-82 
procedure to detect delayed hemodynamic disturbances. 


PRECAUTIONS 

General 

Data are not available concerning the effect of marked alterations in blood 
glucose, insulin, or pH (such as is found in diabetes mellitus) on the quality 
of rubidium chloride Rb 82 scans. Attention is directed to the fact that ru- 
bidium is physiologically similar to potassium, and since the transport of 
potassium is affected by these factors, the possibility exists that rubidium 
may likewise be affected. 

Rubidium chloride Rb 82 injection must be administered only with an 
appropriate infusion system capable of meeting the performance char- 
acteristics previously described. (See INDICATIONS AND USAGE). The 
drug should be used only by those practitioners with a thorough under- 
standing of the use and performance of the infusion system. 

Repeat doses of rubidium chloride Rb 82 injection may lead to an ac- 
cumulation of the longer lived radioactive contaminants strontium Sr 82 
and strontium Sr 85. 

Since eluate obtained from the generator is intended for intravenous ad- 
ministration, aseptic techniques must be strictly observed in all handling. 
Only additive free Sodium Chloride Injection USP should be used to elute 
the generator. Do not administer eluate from the generator if there is any 
evidence of foreign matter. 

As in the use of any radioactive material, care should be taken to mini- 
mize radiation exposure to the patient consistent with proper patient manage- 
ment and to insure minimum radiation exposure to occupational workers. 

Radiopharmaceuticals should be used only by physicians who are qualified 
by training and experience in the safe use and handling of radionuclides 
and whose experience and training have been approved by the appropriate 
government agency authorized to license the use of radionuclides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies have been performed to evaluate carcinogenic poten- 
tial, mutagenicity potential, or to determine whether rubidium Rb 82 may 
affect fertility in males or females. 


Pregnancy Category C 

Animal reproductive studies have not been conducted with rubidium Rb 82. 
it is also not Known whether rubidium Rb 82 can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproductive capacity. Rubidium 
Rb 82 should be given to pregnant women only if the expected benefits to 
be gained clearly outweigh the potential hazards. 

Ideally, examinations using radiopharmaceuticals, especially those 
examinations which are elective in nature, in women of childbearing 
capability should be performed during the first few (approximately 10) days 
following the onset of menses. 


Nursing Mothers 

It is not known whether rubidium Rb 82 is excreted in human milk. Due to 
the short half-life of rubidium Rb 82 (75 sec) it is unlikely that the drug 
would be excreted in human milk during lactation. However, because many 
Grugs are excreted in human milk, caution should be exercised when 
rubidium Rb 82 is administered to nursing women. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
No adverse reactions specifically attributable to rubidium Rb 82 have been 
reported during controlled clinical trials. 


HOW SUPPLIED 

Cardiogen-82 (Rubidium Rb 82 Generator) is supplied in the form of 
strontium Sr 82 adsorbed on a hydrous stannic oxide column with an activ- 
ity of 90-150 millicuries Sr-82 at calibration time. The generator is encased 
in a lead shield surrounded by a labeled plastic container. Complete assay 
data for each generator are provided on the container label. Cardiogen-82 
(Rubidium Rb 82 Generator) is intended for use only with an appropriate, 
properly calibrated infusion system labeled for use with the generator. 
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CORONARY ARTERY DISEASE 


i ON a ee 
Secondary Prevention After High-Risk Acute Myocardial 
Infarction with Low-Dose Acebutolol 

Jean-Pierre Boissel, Alain Leizorovicz, Héléne Picolet, and Jean-Claude 
Peyrieux for the APSI Investigators 


This double-blind, placebo controlled trial was designed to test the effect 
of acebutolol, a 8 blocker with mild intrinsic sympathomimetic activity in 
high-risk postacute myocardial infarction patients. Six hundred seven 
patients were included. The 1-year mortality in the placebo group was 
12.4%. With an average follow-up of 318 days, the total mortality de- 
crease was 48% and the vascular mortality decrease was 58%. 


| ee es RS TaN SL Bake NES bed ee RSET tha 
improved Survival but not Left Ventricular Function with Early 
and Prehospital Treatment with Tissue Plasminogen Activator 
in Acute Myocardial Infarction 

Gabriel |. Barbash, Arie Roth, Hanoch Hod, Hilton |. Miller, Michaela 
Modan, Shemuel Rath, Yedahel Har Zahav, Amir Shachar, Shemuel 
Basan, Alexander Battler, Michael Motro, Babeth Rabinowitz, Elieser 
Kaplinsky, Uri Seligsohn, and Shlomo Laniado 


One hundred ninety patients with acute myocardial infarction (AMI) 
were treated with recombinant tissue-type plasminogen activator (rt-PA) 
2.0 + 0.8 hours after the onset of symptoms. Eighty-seven patients en- 
rolled via mobile intensive care units and 103 through the emergency 
ward. All 190 patients except 2 underwent delayed coronary angiography 
and, when indicated, angioplasty 72 hours after enrollment. Patients treat- 
ed within 2 hours and those treated 2 to 4 hours after symptom onset had 
similar preservation of left ventricular function, and similar prevalence of 
congestive heart failure at discharge. Patients treated within 2 hours of 
symptom onset had significantly lower short- (0 vs 6%, p = 0.01) and 
long-term (1 vs 10%, p = 0.03) mortality. Prehospital initiation of rt-PA 
appeared to be safe and feasible and resulted in a 40-minute decrease in 
the time from symptom onset to treatment initiation. 


Continued on page A17 
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a gel ae See Oe LR Se ea eet ees we: SPOOR aE 
Effects of Early Intervention with Low-Dose Aspirin (100 mg) 
on Infarct Size, Reinfarction and Mortality in Anterior Wall 
Acute Myocardial Infarction 

Freek W.A. Verheugt, Arnoud van der Laarse, Albert J. Funke-Kipper, 
Luc G.W. Sterkman, Tjebbe W. Galema, and Jan P. Roos 


In a prospective, randomized placebo-controlled trial, the influence of 
early intervention with low-dose aspirin (100 mg daily given for 3 months) 
on infarct size (cumulative plasma lactate dehydrogenase release) and 
clinical outcome was studied in 100 consecutive patients with first anterior 
wall acute myocardial infarction. Early aspirin decreased infarct size by 
about 10% and 3-month mortality was also lower in the aspirin group, but 
these differences were not statistically significant. However, reinfarction 
occurred significantly less in the aspirin patients. Therefore, the effect of 
early aspirin on mortality in acute myocardial infarction, as reported in 
the large trials, is probably due more to prevention of reinfarction than to 
decrease of infarct size. 


SL Ee ee ee eR MORIN La, WRG ESES sal ee Y, 
Beneficial Effect of Magnesium Sulfate in Acute Myocardial 
Infarction 

Michael Shechter, Hanoch Hod, Nila Marks, Shlomo Behar, Elieser 
Kaplinsky, and Babeth Rabinowitz 


The effects of magnesium on the incidence of arrhythmias and on mortali- 
ty were evaluated in 103 patients with documented acute myocardial 
infarction (AMI) in a randomized, double-blind, placebo-controlled 
study. Fifty patients received a magnesium infusion for 48 hours and 53 
received placebo. The baseline characteristics of the population were simi- 
lar in the 2 groups. Tachyarrhythmias requiring drug therapy were re- 
corded in 32% of the patients in the magnesium group and in 45% of the 
placebo group. Conduction disturbances were found in 23% of the placebo 
group as compared to 14% in the magnesium group. The intrahospital 
mortality was 2% (1 patient) in the magnesium group compared to 17% (9 
patients) in the placebo group (p <0.01). No adverse effects were ob- 
served during and after the magnesium infusion. These data support a 
possible protective role of magnesium in patients with AMI. 


275 

Effect of Dipyridamole at the Usual Oral Dose on Exercise- 
Induced Myocardial Ischemia in Stable Angina Pectoris 
Tsuneo Tsuya, Michio Okada, Hiroo Horie, and Kyozo Ishikawa 


A randomized, double-blind, placebo-controlled crossover study was per- 
formed to investigate the effect of dipyridamole at a usual oral dose of 150 
mg/day on 18 patients with angina pectoris. The degree of ST depression 
and the threshold for angina pectoris in the treadmill exercise electrocardi- 
ography, which was performed on the last days of dipyridamole and 
placebo administration, were compared. Dipyridamole caused an aggra- 
vating effect on the ST change in 3 patients and a salutary effect in 5 
patients. Dipyridamole decreased the threshold for angina pectoris in 5 
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patients and increased it in 6 patients. To summarize, dipyridamole 
showed adverse effects (aggravating effects on the ST change and/or on 
the threshold for angina pectoris) in 6 patients, beneficial effects in 8 and 
no effect in 4. A usual oral dose of dipyridamole induced myocardial 
ischemia during exercise in some patients while it improved it in a similar 
number of patients. 


279 

Reduction of Myocardial Ischemia During Percutaneous 
Transluminal Coronary Angioplasty with Oxygenated Fluosol® 
Kenneth M. Kent, Michael W. Cleman, Michael J. Cowley, Mervyn B. 
Forman, C. Carl Jaffe, Marvin Kaplan, Spencer B. King Ill, Mitchell W. 
Krucoff, Thomas Lassar, Bruce McAuley, Rafael Smith, Charlene 
Wisdom, and Daniel Wohlgelernter 


Effects of a perfluorochemical emulsion (Fluosol®) on myocardial isch- 
emia during percutaneous transluminal coronary angioplasty were exam- 
ined in a multicenter trial of 245 patients. Severe anginal pain occurred 
less frequently in patients receiving Fluosol perfusion (21%) than routine 
angioplasty (34%) (p <0.05). ST-segment changes at balloon deflation 
occurred significantly more in routine patients than in those receiving 
Fluosol perfusion (2.2 + 1.2 vs 1.7 + 0.9 mm; p <0.03). Regional wall 
dysfunction (—561 + 224 U) observed in routine angioplasty patients was 
not seen in patients receiving oxygenated Fluosol perfusion. Left ventricu- 
lar ejection fraction was preserved at baseline levels during balloon infla- 
tion in patients perfused with oxygenated Fluosol but decreased signifi- 
cantly (p <0.001) during occlusion in routine angioplasty patients. Thus, 
perfusion with Fluosol is effective in alleviating myocardial ischemia dur- 
ing angioplasty and can be safely administered in this patient population. 


285 

Outcome Following Emergency Coronary Artery Bypass 
Grafting for Failed Elective Balleon Coronary Angioplasty in 
Patients with Prior Coronary Bypass 

Joel K. Kahn, Barry D. Rutherford, David R. McConahay, Warren L. 
Johnson, Lee V. Giorgi, Thomas M. Shimshak, and Geoffrey O. Hartzler 


The frequency and outcome of emergency coronary artery bypass grafting 
(CABG) for failed angioplasty in patients with prior CABG were assessed 
in 2,136 elective angioplasty procedures in prior CABG patients. Emer- 
gency CABG was required in 19 patients (0.9%) with prior CABG, 
compared with 130 of 6,974 patients (1.9%) without prior CABG (p = 
0.001). Severe hemodynamic instability after acute closure required the 
placement of an intraaortic balloon pump in 3 patients, including 2 who 
required cardiopulmonary resuscitation. Three patients with high-risk 
features could not be weaned from cardiopulmonary bypass. The remain- 
ing 16 patients were discharged after a mean hospital stay of 16 days. Four 
patients developed new Q waves after CABG. At follow-up (mean 52 
months, range 3 to 99), 1 patient died from a late acute myocardial 
infarction. The 15 survivors had no or mild angina and were free of further 
CABG. Thus, emergency CABG after failed angioplasty in patients with 


Continued on page A22 
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TIVASE 


w ALTEPLASE, RECOMBINANT 


A TISSUE PLASMINOGEN ACTIVATOR 





irief Summary 
'onsult full prescribing information before using. 


NDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
ifarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
ize, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
ive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
oon as possible after the onset of AMI symptoms. 
\CTIVASE® is also indicated in the management of acute massive pulmonary embolism (PE) in 
dults: for the lysis of acute pulmonary emboli, defined as obstruction of blood flow to a lobe or 
nultiple segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 
iemodynamics, i.e., failure to maintain blood pressure without supportive measures. The diagnosis 
oe capt yay by objectivemeans, suchas pulmonary angiography ornoninvasive procedures such 
s lung scanning. 

'ON AINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
§ contraindicated in the following situations: + Active internal bleeding + History of cerebrovas- 
ular accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
VARNI + Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
liathesis - Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
cet The type of bleeding associated with thrombolytic therapy can be divided into two broad 
iategories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
ntracranial sites e Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
ites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation ma contribute to bleeding. Some hemorrhagic episodes 
og soe or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
vas continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
‘herefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
if catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
vith ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
ipper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
ninutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding Tot controllable by local pressure) occur, the infusion of ACTIVASE® and 
p, Sman heparin should be terminated immediately. 

patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
ated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
igainst the anticipated benefits: + Recent (within 10 days) major surgery, e.g., coronary artery bypass 
jraft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vessels » Cerebrovas- 
wular disease + Recent (within 10 days) gastrointestinal or genitourinary bleeding * Recent (within 10 
lays) trauma « Hypertension: systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg « High 
ikelihood of left heart thrombus, e.g., mitral stenosis with atrial fibrillation + Acute pericarditis « 
jubacute bacterial endocarditis e Hemostatic defects including those secondary to severe hepatic or 
enal disease + Significant liver dysfunction + Pregnancy + Diabetic hemorrhagic retinopathy, or other 
lemorrhagic ophthalmic conditions * Septic thrombophlebitis or occluded AV cannula at seriously 
nfected site + Advanced age, i.e., over 75 years old + Patients currently receiving oral anticoagulants « 

other condition in which bleeding constitutes a significant hazard or would be particularly 

icult to manage because of its location. 

\rrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
irrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
vith standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
ind/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
’ulmonary Embolism It should be recognized that the treatment of pulmonary embolism with 
\CTIVASE® Alteplase, has not been shown to constitute adequate clinical treatment of underlying 
leep vein thrombosis. Furthermore, the possible risk of reembolization due to the lysis of underlying 
leep venous thrombi should be considered. 
"RECAUTIONS: General Standard management of myocardial infarction or pulmonary embolism 
hould be implemented concomitantly with ACTIVASE® treatment. Noncompressible arterial punc- 
ure must be avoided. Arterial and venous punctures should be minimized. In the event of serious 
ileeding, ACTIVASE® and heparin should be discontinued immediately. Heparin effects can be 
eversed by protamine. 
teadministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
iccurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
locumented, readministration should be undertaken with caution. 
aaboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
ytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
\CTIVASE® is an enzyme that when eer in blood in pharmacologic concentrations remains active 
inder in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
inalysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
ixtent mitigate this phenomenon. 
brug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
iddition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
such as acetylsalicylic acid, dipyridamole) may increase the risk of bleeding if administered prior to, 
luring or after ACTIVASE® therapy. 

Ise of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
\CTIVASE® to reduce the risk of rethrombosis. Because hier hoai or ACTIVASE® alone may cause 
ileeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
'regnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
ilso not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
ir can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
ilearly needed. 

’ediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
rarcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
yerformed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
waluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
ymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
n “or pain was evidenced only after prolonged exposure and only at the highest concentra- 
ons tested. 
dursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
abs os are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
wrsing woman. 


‘aa 


ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® i 
bleeding. The type of pero associated with thrombolytic therapy can be divided into two broai 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal o 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as >250 cc blood loss) has bee 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mı 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follow: 





Dose Number of Patients h 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® shculd not be used because it has bee 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlle 
trials17 is not signficantly different in the ACTIVASE® treated patients compared to those treated wit 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, perica 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitar 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed durin 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding site: 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mil 
Pita ths i reactions such as urticaria have been observec occasionally. 
Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/c 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not b 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: ACTIVASE® is for intravenous administration only. ACUTE MYOCAF 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible after the onset of symptoms. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of whic! 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the secon 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller apie (less than 65 kg), a dose ¢ 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 

Although the use of anticoagulants and antiplatelet drugs during and following administration o 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concom 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been give! 
either during and/or following heparin treatment. 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by intravenous infusio 
over two hours. Heparin therapy should be instituted or reinst tuted near the end of or immediate! 
oe the elt IVASE® infusion when the partial thromboplastin time or thrombin time returns t 
wice normal or less. 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATE! 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompa 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only wi 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injectior 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containin 
prle an As mg/mL at approximately pH 73. The osmolality of this solution is approximate! 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediate! 
before use. The solution may be used for intravenous administration within 8 hours following reconst 
tution when stored between 2-30°C. Before further dilution or administration, the product should b 
visually inspected for particulate matter and discoloration prior to administration whenever solution an 
container permit. 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an alternative, the reconst 
tuted solution may be diluted further immediately before administration in an equal volume of 0.99 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP to yield a concentration of 0. 
mg/mL. Either polyvinyl chloride bags or glass bottles are acceptable. ACTIVASE® is stable for up t 
8 hours in these solutions at room temperature. Exposure to light has no effect on the stability 0 
these solutions. Excessive agitation during dilution should be avoided; mixing should be accom 
plished with gentle swirling and/or slow inversion. Do not use other infusion solutions, e.g., Steril 
Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE® Any unuse 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vial 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), o 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage fron 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

REFERENCES: 
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with Subsequent Randomization of Elective Coronary Angioplasty. New Engl. J. Med., 317:1613-16% 
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Myocardial Infarction: ASSET. Lancet 2:525-530, 1988. 5. Hampton, J.R., The University of Nottinghan 
Personal Communication. 6. Van de Werf, F, Arnold A.E.R., etal., Effect of Intravenous Tissue-Plasmir 
ogen Activator on Infarct Size, Left Ventricular Function and Survival in Patients with Acute Myocardia 
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prior CABG is required infrequently. In patients without extreme high- 
risk features, emergency repeat CABG can be accomplished with good 
hospital and long-term results. 


r i eR eA eRe, |S ELT AED As I eo 
Role of Tricuspid Regurgitation and Left Ventricular Damage 
in the Treatment of Right Ventricular Infarction-Induced Low 
Cardiac Output Syndrome 

Jean-Francois Dhainaut, Emmanuel Ghannad, Didier Villemant, Fabrice 
Brunet, Jean-Yves Devaux, Bruno Schremmer, Pierre Squara, Simon 
Weber, and Julien-Francois Monsallier 


The effect of tricuspid regurgitation and extensive left ventricular infarc- 
tion and its influence on the treatment response were studied in 20 patients 
with right ventricular myocardial infarction, 5 of whom had severe tricus- 
pid regurgitation and 8 of whom had depressed left ventricular function. 
Volume loading increased cardiac output slightly in all patients. No treat- 
ment was effective in reestablishing an adequate hemodynamic status in 
those with severe tricuspid regurgitation; increasing right ventricular con- 
tractility with dobutamine failed to improve the forward stroke volume 
because of an increased regurgitant fraction. Dobutamine, which im- 
proved right ventricular function and consequently left ventricular pre- 
load, was especially efficacious in patients with depressed left ventricular 
function. 


296 

The Divergent Recovery of ST-Segment Depression and 
Radionuclide Angiographic Indicators of Myocardial Ischemia 
Pierce J. Vatterott, Peter C. Hanley, Harold T. Mankin, and 

Raymond J. Gibbons 


The recovery after exercise of both electrocardiographic ST-segment de- 
pression and exercise-induced abnormalities in regional wall motion and 
ejection fraction was evaluated in 31 patients who had persistent ST- 
segment depression after exercise. In 27 (87%) of the 31 patients, abnor- 
malities in wall motion and ejection fraction recovered more quickly than 
abnormalities in the exercise electrocardiogram. Only 15 of the 31 patients 
had persistent abnormalities in wall motion or ejection fraction after 
exercise, despite their persistent ST-segment depression. Compared with 
the 16 patients without such findings, these 15 patients had a worse wall 
motion score at peak exercise. Radionuclide angiographic evidence of 
ischemia recovers more quickly after exercise than ST-segment depres- 
sion. 


302 

Acute Coronary Vasomotor Effects of Nifedipine and 
Therapeutic Correlates in Syndrome X 

Piero Montorsi, Sergio Cozzi, Alessandro Loaldi, Franco Fabbiocchi, 
Alvise Polese, Nicoletta De Cesare, and Maurizio D. Guazzi 


In 18 patients with syndrome X, 10 mg sublingual nifedipine significantly 
increased coronary artery diameter, blood flow and plasma norepineph- 
rine concentration and decreased coronary resistance and ST-segment 
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response to exercise. Changes in blood flow showed a positive correlation 
with changes in lumen diameter, ST reaction to exercise and an inverse 
correlation with norepinephrine plasma levels. In a few patients, nifedipine 
did not modify or even worsened the effort test; in these cases blood flow 
was unchanged or decreased and norepinephrine plasma values modestly 
or greatly increased, respectively. After 4 weeks of treatment with nifedi- 
pine (10 to 20 mg, 4 times daily), the ST-segment response to exercise was 
further improved concomitantly with a decrease in norepinephrine plasma 
concentrations. Thus, nifedipine exerts a beneficial effect in syndrome X 
through coronary vasodilatation; reflex activation of the adrenergic sys- 
tem may, in some cases, restrict the therapeutic effect of the drug in the 
short-term but not in the long-term treatment. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


a Sa bia ALO a PE T al ag eS N E S E 
Relation Between Ventricular Late Endocardial Activity During 
Intraoperative Mapping and Low-Amplitude Signals Within the 
Terminal QRS Complex on the Signal-Averaged Surface 
Electrocardiogram 

Hans-Joachim Schwarzmaier, Ulrich Karbenn, Martin Borggrefe, Jörg 
Ostermeyer, and Günter Breithardt with the technical assistance of Klaus 
Balkenhoff 


Signal-averaged electrocardiogram (ECG) (3 algorithms) and intraoper- 
ative endocardial mapping at 36 sites were performed in 24 patients with 
ventricular aneurysm and drug-resistant sustained monomorphic ventric- 
ular tachycardia. In patients with a late potential, delayed local activation 
(>40 ms beyond the QRS complex in the intraoperative surface ECG) 
was recorded at 5.5, 5.5 and 5.6 of 36 endocardial sites. In patients without 
a late potential this type of endocardial delay was detected at 2.4, 1.1 and 
0.9 sites, respectively (p <0.05, p <0.01, p <0.002). The mean duration of 
endocardial delayed activity was 38, 35 and 37 ms in patients with a late 
potential versus 20, 19 and 11 ms in patients without (p <0.05, p <0.05, p 
<0.002). However, there was no correlation between the amplitude or 
duration of a late potential and the number of sites exhibiting endocardial 
delayed activity (r = —0.23, r = —0.05, r = 0.21; correlation not signifi- 
cant for each) or the mean duration of the endocardial delay (r = —0.25, r 
= —0.14, r = —0.07, correlation not significant for each). Thus, the 
presence of a late potential, if present, is related to the mean duration of 
endocardial late activity as well as to the number of sites exhibiting 
delayed activity, and therefore is dependent on the mass of tissue activated 
with a given delay. However, neither the measured amplitude nor the 
duration allows a direct conclusion to parameters of endocardial delayed 
activity. 
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CONGESTIVE HEART FAILURE 


315 
Studies of Left Ventricular Dysfunction (SOLVD)—Rationale, 
Design and Methods: Two Trials That Evaluate the Effect of 
Enalapril in Patients with Reduced Ejection Fraction 

The SOLVD Investigators 





The Studies of Left Ventricular Dysfunction is an integrated research 
program of patients with low ejection fraction or congestive heart failure. 
The program includes 2 clinical trials, 1 in symptomatic and 1 in asymp- 
tomatic patients, of the effectiveness of enalapril on mortality. In addition, 
a registry of patients with left ventricular dysfunction has been estab- 
lished. 


323 
Radial Arterial Pressure Measurements May Be a Poor Guide 
to the Beneficial Effects of Nitroprusside on Left Ventricular 
Systolic Pressure in Congestive Heart Failure 

Gerald J. Simkus and David H. Fitchett 





The effect of nitroprusside on central aortic and peripheral radial arterial 
pressures was studied in 10 patients with severe cardiac failure. When a 
late systolic aortic pressure peak was present, nitroprusside reduced aortic 
mere than radial systolic pressure. As a result the difference between 
aortic and radial systolic arterial pressures increased during nitroprusside: 
control 13 + 4mm Hg, nitroprusside 20 + 6 mm Hg (p <0.025). In the 
absence of an aortic late systolic pressure peak, the aortic radial systolic 
pressure difference was unchanged. These results show that a reduction of 
radial arterial systolic pressure by nitroprusside may underestimate the 
true reduction of aortic and hence left ventricular systolic pressure. 


VALVULAR HEART DISEASE 


327 

Early and Late Changes in Left Ventricular Systolic 
Performance After Percutaneous Aortic Balloon Valvuloplasty 
David H. Harpole, Charles J. Davidson, Thomas N. Skelton, Katherine B. 
Kisslo, Robert H. Jones, and Thomas M. Bashore 


Seventeen patients underwent first-pass radionuclide angioeardiography 
with simultaneous high-fidelity micromanometer pressure before, 10 min- 
utes after and 6 months after aortic valvuloplasty. Immediately after the 
procedure, the mean and peak aortic transvalvular gradient decreased and 
aortic valve area increased. Using echocardiography, meridional and sys- 
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tolic wall stress decreased. Left ventricular ejection fraction increased and 
end-diastolic volume and end-diastolic pressure both decreased. Left ven- 
tricular stroke work, as derived from the area of the pressure-volume loop, 
also decreased as the loop shifted to the left and downward. At the 6- 
month study, restenosis occurred in most patients but was not always 
accompanied by a worsening of clinical status. The pressure volume loop 
shifted back toward baseline and the ejection fraction decreased as end- 
systolic stress increased. There were little data to support an intrinsic 
change in myocardial contractile performance at any postprocedural in- 
terval after aortic valvuloplasty. Rather, the changes in hemodynamics 
observed could be explained solely by altered loading conditions. 


333 

Detection and Assessment of Severity of Tricuspid 
Regurgitation Using First-Pass Radionuclide Angiography and 
Comparison with Pulsed Doppler Echocardiography 

Kim A. Williams, Patricia E. Walley, and James W. Ryan 


Noninvasive detection and semiquantitative assessment of tricuspid regur- 
gitation (TR) were performed in this study using first-pass radionuclide 
angiography (RNA). The percentage of tracer entering the right atrium 
during right ventricular systole was quantitated as the right atrial ‘“‘injec- 
tion fraction.” The results were compared with semiquantitative Doppler 
echocardiographic estimation of TR severity in 51 patients. There were 27 
patients with no evidence of TR by Doppler; 26 were also negative by 
RNA. All 24 patients with TR by Doppler had a positive right atrial 
injection fraction. Comparison of right atrial injection fraction grade 
ranges with semiquantitative grades of TR severity on Doppler revealed 
identical grades in 21 of the 24 patients, with a 1 grade difference in the 
remaining 3 patients. Thus, right atrial “injection fraction” quantitation 
during first-pass RNA allows detection and grading of the severity of TR, 
with results very similar to pulsed Doppler echocardiography. 


CONGENITAL HEART DISEASE 


pc | tea SU EPO ARES ENEE Aa eV LT CRS Ory eS ae 
Long Follow-Up (to 43 Years) of Ventricular Septal Defect with 
Audible Aortic Regurgitation 

Larry A. Rhodes, John F. Keane, John P. Keane, Kenneth E. Fellows, 
Richard A. Jonas, Aldo R. Castaneda, and Alexander S. Nadas 


From 1946 to March 1989, 92 patients (33 women and 59 men) were seen 
with ventricular septal defect (VSD) and audible aortic regurgitation 
(AR). The VSD was subcristal in 62 patients and subpulmonary in 21. 
The median age of onset of AR was 5.3 years. The risk of developing AR 
was 2.5 times greater in those with a subpulmonary VSD. The aortic valve 
was tricuspid in 90% and bicuspid in 10%. The incidence of infective 
endocarditis was 15.4 episodes / 1,000 patient years. Twenty patients were 
followed medically, equaling some 297 patient years. In the 72 patients 
operated on, there were 15 perioperative and 5 late deaths. Procedures 
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consisted of VSD closure alone in 7 patients, VSD closure and valvuloplas- 
ty in 50 and VSD closure and aortic valve replacement in 15. The degree of 
AR was more effectively decreased by valvuloplasty in those operated on 
under the age of 10. 


alae SRR Le ee NY RMSE SY aaa A at. 
Frequency and Prognosis of Arrhythmias After Operative 
“Correction” of Tetralogy of Fallot 

Guy Vaksmann, Anne Fournier, André Davignon, Gilles Ducharme, Lucile 
Houyel, and Jean-Claude Fouron 


Two hundred twenty-four consecutive patients operated on for tetralogy of 
Fallot were followed from 1 to 28 years (mean 11). Mean age at surgery 
was 5.3 years (range | to 14). Postoperative right ventricular systolic 
pressure was >60 mm Hg in 19 of 213 patients (9%). Twenty-four-hour 
ambulatory monitoring in 92 patients demonstrated significant ventricu- 
lar arrhythmias (>grade 2 of the Lown grading system) in 41 (45%). 
Incidence of ventricular arrhythmias correlated with length of follow-up 
and duration of cardiopulmonary bypass. No correlation was found with 
age at surgery, postoperative right ventricular systolic pressure and impor- 
tance of conduction defects on electrocardiogram. There were no sudden 
deaths during follow-up. Thus, systematic treatment of postoperative ven- 
tricular arrhythmias in tetralogy of Fallot should be reconsidered. 


i Se MEE O EES D Nee NOC eS Te SE. Ua O 
An Electrocardiographic Midterm Follow-Up Study After 
Anatomic Repair of Transposition of the Great Arteries 

Juan Villafane, Sara White, Francisco Elbl, Allan Rees, and 

Robert Solinger 


Twenty-four neonates had 170 electrocardiograms and fifty-three 24- 
hour electrocardiograms after anatomic repair for simple transposition 
of the great arteries. These tracings were assessed for rhythm and conduc- 
tion abnormalities. Three patients had atrial or ventricular premature 
complexes detected before surgery. Electrocardiographic abnormalities 
found after surgery were transient ST and T changes in 7 patients, right 
bundle branch block in | patient, left bundle branch block in 2 patients, 
transient second-degree atrioventricular block in | patient and a gS pat- 
tern in V¢ in 1 patient. A normal P-R interval and P-wave axis were 
present in all but | patient. Asymptomatic low-grade atrial and ventricu- 
lar ectopic activity was infrequently observed in 24-hour electrocardio- 
grams performed 1, 2, 3 and 4 years after surgery. After a mean follow-up 
of 3 years, all of our patients remain in sinus rhythm. 
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False alarms. They’re one of the 
most frustrating things about 
most telemetry systems. 


The reason for this annoying 
problem is simple: the very high 
frequency (VHF) signal most 
systems transmit is disrupted by 
electrical noise and interference. 
Hewlett-Packard has the solutior 


You see, HP’s Digital Ultra High 
Frequency (UHF) Multi-Lead 
Telemetry System transmits EC( 
signals with 50 times the power 
of digital VHF. And digital trans- 
mission verifies the accuracy of 
the data. The result is fewer 
false alarms and algorithm ac- 
curacy approaching hardwired 
monitoring. 





The transmitter is small, 
lightweight and water resistant. 


In addition, our dynamic UHF 
antenna system filters out 
extraneous noise and artifacts 
and detects weak signals. 

This reduces signal drop-out 
and produces more accurate 
arrhythmia monitoring. 


And our telemetry system inter- 
faces with Hewlett-Packard’s 
extensive line of central stations 
and patient monitoring systems 
and can be easily expanded. 


What’s more, HP ACCOMPLISH 
Customer Support assures you 
of the value of your investment.* 
Which makes this one “Cry Wolf 
story with a happy ending. 


There is a better way. 
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355 

Safety of Cardiac Angiography with Conventional lonic 
Contrast Agents 

John W. Hirshfeld, Jr., William G. Kussmaul, Peter M. DiBattiste, and the 
Investigators of the Philadelphia Area Contrast Agent Study 


We gathered data describing the frequency of adverse reactions to conven- 
tional ionic angiographic contrast agents in 4,630 cardiac angiographic 
procedures. The adverse reaction rate was 14.2% for minor and 1.3% for 
major events. There were no deaths. Adverse reactions were more frequent 
in patients with higher New York Heart Association class symptomatolo- 
gy and with elevated left ventricular end-diastolic pressure. The adverse 
reaction rate was not increased in patients with more extensive coronary 
artery disease, reduced left ventricular ejection fraction or reduced cardiac 
index. The overall adverse reaction rate was probably influenced favorably 
by physician behavior. Six percent of procedures were abbreviated either 
because of an adverse reaction or concern that a reaction might occur if the 
procedure were continued. The diagnostic data obtained were judged to be 
inadequate in 0.8% of the procedures. With appropriate operator caution, 
cardiac angiography can be performed safely in most patients with con- 
ventional ionic contrast agents. 


362 
Self-Efficacy and In-Patient Cardiac Rehabilitation 
Neil B. Oldridge and Barbara L. Rogowski 


We assessed changes in self-efficacy in 51 cardiac patients after random- 
ization to either a ward ambulation program or a dedicated exercise center 
before hospital discharge. There were no differences between the groups in 
self-efficacy at baseline, the time of hospital discharge or 7 days later. 
Significant improvements in self-efficacy scores were observed by day 28 
in both groups for routine physical activities and daily living tasks with the 
exercise center patients demonstrating higher self-efficacy scores only for 
walking time (p = 0.041) and overall exertion (p = 0.024). We conclude 
that, for most of the self-efficacy variables considered, the 2 in-patient 
exercise programs are equally effective in improving self-efficacy scores 
for physical activities and daily living tasks over the first 28 days after 
return to home. The lower costs associated with ward ambulation pro- 
grams suggest that they are more cost-effective. 
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Secondary Prevention After High-Risk Acute 
Myocardial Infarction with Low-Dose Acebutolol 


Jean-Pierre Boissel, MD, Alain Leizorovicz, MD, Hélène Picolet, MD, and 
Jean-Claude Peyrieux, PhD, for the APSI Investigators* 


Acebutolol et Prévention Secondaire de lInfarctus 


(APSI), a randomized, placebo-controlled trial, was 
designed to test long-term acebutolol, 200 mg 
twice daily, a 6 blocker with mild intrinsic sympa- 
thomimetic activity, in the prevention of late death 
in high-risk postacute myocardial infarction (AMI) 
patients. APSI was planned because patients with a 
_ death rate >20% have not been enrolled in signifi- 
cant numbers in previous trials and in such high- 
risk patients, it remained to be proven that 8 
blockers have a beneficial effect. Patients with an 
expected average risk of >20% were to be selected 
based on clinical criteria. At the time of the second 
_ interim analysis, the placebo group 1-year mortali- 
ty was much lower than expected (12%). The ethi- 
cal board recommended to stop the trial: 309 pa- 
tients had been allocated to placebo, 298 to ace- 
butolol. The average delay between onset of symp- 
toms and inclusion was 10.5 days. The average fol- 
low-up was 318 days after inclusion. About the 
same number of patients were discontinued from 
study treatment in both groups. All patients were 
included in the analysis. There were 17 deaths in 
~ the acebutolol group and 34 in the placebo group, a 
48% decrease (p = 0.019). The vascular mortality 
decreased by 58% (p = 0.006), the highest ever 
observed with a 8 blocker. All cardiovascular 
causes of death, including congestive heart failure, 
were less frequent in the acebutolol group. Al- 
though the objective was not achieved, APSI pa- 
tients were at a higher risk than the average of the 
9 previous trials with 6 blockers (12% instead of 
7%). In addition, the total mortality reduction did 
not decrease in 9 subgroups with increasing mor- 
tality risk from 2 to 23%. APSI shows that moder- 
ately severe postAMI patients can benefit from a f- 
blocking treatment and a -blocker with mild intrin- 
sic sympathomimetic activity can be effective. 

(Am J Cardio! 1990;66:251-260) 


From the APSI Coordinating Center, Unite de Pharmacologie Clin- 


ique, Lyon, France. Manuscript received January 2, 1990; revised man- 
uscript received and accepted April 3, 1990. 
Address for reprints: APSI Coordinating Center, Unite de Pharma- 
colopie Clinique, 162, Avenue Lacassagne--69424 Lyon Cedex 3. 
*See Appendix. 


(APSI) was a randomized, placebo-controlled 

trial of acebutolol, a 8 blocker with moderate 
intrinsic sympathomimetic activity in the prevention of 
late death in high-risk patients surviving an acute myo- 
cardial infarction (AMI). The long-term effect of late 
intervention (>24 hours from onset) with §-blocker 
treatment on survival in postAMI patients has been as- 
sessed in several trials over the past 15 years.'-!* Some 
trial results were statistically significant on their own. 
Most, however, were not. Several metaanalyses conclud- 
ed that -blocking treatment was beneficial in patients 
who had survived an AMI. The relative decrease of 1- 
year mortality was about 25%.!3:!415 A metaanalysis 
conducted in adding the 2 more recently reported tri- 
als'!.!2 gives similar results. The average 1-year mortali- 
ty on the placebo groups of the first 9 trials was 7.2%, 
whereas in a nonselected cohort of patients who have 


A cebutolol et Prévention Secondaire de l’Infarctus 


survived 27 days after an AMI, it was 17%.'® Adding 


the 2 more recent trials does not change this observa- 
tion. However, 2 trials were designed to enroll only 
“high-risk” patients? The 1-year mortality in their 
placebo groups was 12 and 13%; in 1, the death rate in 
the verum group was higher? and in the other the gain 
was not statistically significant.’ Thus, evidence sup- 
porting the benefit from treating postAMI patients with 
B-blockers came from low- to moderate-risk cohorts. 
A posthoc subgroup analysis of the pooled data from 


‘the first 9 trials showed that subgroups of patients with 


a higher than average risk of dying were those who ben- 
efitted the most from the treatment.!> Even in these 
subgroups, the 1-year placebo group mortality was 
<17% with the exception of the subgroup of patients 
who received digitalis before entry whose mortality was 
18.8%. This subgroup represented <7% of the total 
number of patients (13,679). Hence, the question re- 
mained open whether high-risk patients who represent 
most of the target population benefit from §-blocking 
treatment. 

The Clinical Pharmacology and Therapeutic Work- 
ing Group of the French Society of Cardiology decidéd 
to initiate a randomized trial of 8-blocking treatment in 
patients with a risk of dying during the first year after 
an AMI of 220%. The rationale, the objectives and es- 
pecially the placebo control have been accepted inde- 
pendently by both the Ethics Committee of the Claude 
Bernard University and the Ethics Committee of the 
French Society of Cardiology. 


THE AMERICAN JOURNAL OF CARDIOLOGY AUGUST 1, 1990 251 


a tn titans UR 


4 


TABLE I Baseline Characteristics 





Patients Screened 
in the 7 Centers 
` Total No. of 
Not Included Included Patients Included 
(n= 1664) (n= 219) (r = 607) 
Men 75.8 77.1 72.9 
Mean age (yrs) 62.9 61.1 62.9 
Prior history 
Angina pectoris 37.9 37.8 47.5. 
Angina pectoris >5 yrs 34.9 30.6 19.3 
Unstable angina 53.9 55.0 28.9 
Documented AMI 18.0 24.8 23.3 
Congestive heart failure 17.0 27.5 7.1 
Acute pulmonary edema 13.6 4.8 £9 
Nocturnal cyspnea 12.8 4.8 7.3 
Severe exertional dyspnea 91.1 98.4 95.1 
Dyspnea or flat ground 42.4 37.1 2.7 
Valvular disease : + 43 3.7 45 
intermittent claud cation 10.3 8.7 &.8 
Renal failure 3.3 1.8 S. 
Diabetes mellitus l 12.1 17.5 14.6 
Liver cirrhosis 24 2.8 17 
Risk factors 
‘Cigarette smoker actual or past) 65.5 72.9 6£.5 
Systemic hypertension 25.9. 26.6 , 32.9 
Onset of symptoms 
Shock 4.9 6.0 =.0 
Palpitations 2.6 3.7 i 
Acute pulmonary edema 10.2 11.5 8 
Proven conduction or rhythm disturbance . 48 9.7 73 
Atrial flutter or fibrillation 6.9 11.5 13. 
Ventricular flutter or fibrillation 3.2 46 =. 
At admission 
Arrhythmia 18.0 21.5 1G1 
Murmur 53.7 35.4 152 
Cyanosis 2.9 1.8 36 
Hepatomegaly 3.9 3.7 28 
HepatojuguBr reflux 7.0 8.3 6.4 
Cold hands and feet pT 7.1 10.1 5.0 
Median no. of seconcary risk factors 5 8 8 


AMI = acute myocardia infarction. oo i 


METHODS i 

Selection of high-risk patients, eligibility and fol- 
low-up: Selection of high-risk patients for inclusion in 
the trial was based on an algorithm set-up from the Es- 
sai de Prévention Secondaire de lInfarctus du Myo- 
carde registry.!© Materials and methods used for zon- 
structing this algorithm have been presented previous- 
ly.’ In brief, it consists of counting the numbe: of 
so-called secondary risk factors presented by every pa- 
tient considered for entry. Simulation of the selection 
with this algorithm on the Essai de Prévention Secon- 
daire de l’Infarctus du Myocarde registry identified 
49% of the total population with an average 1-year mor- 
tality of 26%. 

Patients were eligible in the following cases: if they 
had =2 of the 3 classic signs of AMI, that is, typical 
chest pain of =1 hour in duration, typical Q waves and 
significant release of cardiac enzyme(s); if they were 
admitted for this acute event >2 and <22 days before; 


and if they presented 26 of the secondary risk factors of . 


the selection algcrithm, including 21 “major” secon- 
dary risk factor (i.e., before documented AMI, his-ory 
of dyspnea when walking on flat ground, documented 
atrial fibrillation, vertricular fibrillation, ventricular 
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tachycardia, overt heart failure or sinusal tachycardia 
Curing the reference event, recurrent AMI or angina 
rectoris before the eighth day). Eligible patients were 
taen checked for exclusion criteria, including transient 
exclusion criteria such as heart rate <45 beats/min, 
complete auriculoventricular block and acute heart fail- 
ure that required treatment with 22 drugs of different 
casses (e.g., diuretics and vasodilators). If the condition 
disappeared before the twenty-second day, the patient 
could be included. Exclusion criteria were the following: 


contraindication to -blocking treatment; noncardiac 


disease with poor prognosis; impossibility to participate; 
indication to -blocking treatment; age >75 years; 
dzath; malignancy; valvular disease: coma; asthma; 


. caronic bronchopneumopathy; Raynaud syndrome; par- 
` tiipation’in another study; and patients enrolled in 


“PSI before. Once admitted in the trial, the patients 


. were treated and followed-up for 1 year with quarterly 


v:sits in the outpatient clinic of the clinical centers. 
Eowever, some patients were followed-up by their gen- 
eral practitioner or their cardiologist. 

Random allocation to treatment: Central random- 
ization was achieved with a Minitel®, a terminal linked 
tc the telephone system allowing an on-line remote data 
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TABLE HI Reasons for Noninclusion in 1,883 Patients 
Evaluated (719 Excluded During the First 48 Hours) 


No. wo 
Enrolled in APSI before , 5 0.7 
Participation in other study 5 0.7 
Impossibility 228 31.7 
Malignancy 39 5.5 
Valvular disease 31 44 
Age >75yrs 97 13.6 
Indication to 6 blockers 128 18.0 
Other contraindication to 8 blockers 131 18.4 
Raynaud syndrome 10 1.4 
Chronic bronchopneumopathy 51 7.1 
Asthma 20 2.8 
Nonproven infarction 57 8.0 
Coma 13 1.8 
Death 53 74 


APS! = Acebutolol et Prévention Secondaire de l'infarctus. 


entry. Participating patients were randomized either to 
acebutolol 200 mg twice daily or to an identical place- 
bo. Eligibility criteria were keyed by the investigator on 
a Minitel®. After editing of the eligibility criteria by the 
central computer, the treatment number was shown on 
the screen. Random permutations with blocks of 6 were 
used for randomization. Treatment numbers were not 
sequential. 

Selected outcomes: The primary outcome was total 
death. Every death was documented and cause of death 
validated by the critical event committee. Cardiovascu- 
lar death was the secondary outcome. 

Treatments: Tablets of acebutolol and placebo were 
indistinguishable. The treatment started without delay 
after the computerized allocation of a treatment num- 
ber. A round-the-clock telephone service was available 
for investigators who needed to know the treatment. 
The code could only be broken in case of life-threaten- 
ing conditions, the care of which required to know the 
treatment given to the patient. 

Acebutolol et Prevention Secondaire de I’Infarctus 
(APSI) registry: In order to checx the adequacy of the 
trial sample to the target population in terms of risk at 1 
year and to compare the selected patients with the non- 
included patients, a registry has been set up in 7 centers 
to register all patients admitted for an AMI throughout 
the trial. Baseline data, including reason(s) for non- 
inclusion, for all these patients were collected on the 
same study forms. Occurrence of death for the nonin- 
cluded patients was surveyed through administrative 
procedures. 

Study organization: The study was organized as a 
prospective multicenter trial. The coordinating and data. 
handling center was in charge cf managing the trial, 
editing collected data, controlling compliance by both 
investigators and patients, randamizing the treatment 
through an on-line computerized procedure and analyz- 
ing the results. The Policy Board monitored the trial 
results on an ongoing basis. Its voting members were 
not otherwise involved in the trial and had no connec- 
tion with the sponsor. Nobody but the voting members 
of this committee and 4 individuals in the coordinating 
center were aware of the interim results. The critical 


Acebutolol Placebo 


Hypertriglyceridemia 

Atrial fibri lation or flutter” 
Heparin* 

Antihypertensive therapies* 
Pacemaker” 

Astheniat 

Inotropicst 


TABLE IV Cardiovascular Causes of Death 


Acebutolo! Placebe 


Sudden death 

Fatal re'nfarction 
Heart failure 

Rhythrn disturbance 
Other vascular death 


Side effects 

indication to 6 blockers 

Contraindication to 8 blockers 

Other treatment contraindicated with 
8 blockers 

Patient or physician refusal 

Others 

Total 


(33.0%) (36.6%) (34.8%) 





events committee met periodically to classify the causes 
of death. Its members were not otherwise involved in 
the trial and were kept blind vis-à-vis the study treat- 
ment. Vascular death was defined as any death that 
could be related to a cardiovascular event, such as sud- 
den death, myocardial infarction, cardiac failure, stroke 
or cerebral hemorrhage. There has been no attempt to 
identify nonfatal events not reported in regular study 
forms, that is, no notification procedure was set on dur- 
ing the trial. Hence, the frequencies of nonfatal clinical 
events are probably not fully accurate. A similar restric- 
tion applies to symptoms or signs noted during the fol- 
low-up. 

Sample size: Accounting for an expected decrease of 
40% of the 1-year mortality, a 95% power, a 5% signifi- 
cance level and a 20% average mortality in the control 
group, 1,080 patients were to be recruited. 

Study monitoring: The policy board decided to mon- 
itor total mortality data with a 1-sided group sequential 
plan. Interim analyses were scheduled every 20 deaths. 
The global first kind statistical error risk was kept at 
0.05. In addition, the policy board was in charge of 
monitoring the relevance of the study sample to the tar- 
get population. Patient enrollment started in April 
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1987. At the time of the second interim analysis (40 
deaths) in Sester-ber 1988, 44 centers had recruited 
555 patients with a mean follow-up of 271 days. Ex- 
trapolation of the death rate in the placebo group to 1 
year showed a much lower than expected mortality of 
about 12%, instead of 220%. In addition, the proportion 
of enrolled patients was 12%, whereas about 30% was 
the expected figure. Moreover, from simulation with the 
registry of considered patients, it became clear that this 
percentage shculd have been 49%. The policy board rec- 
ommended to stop the trial because they felt it was un- 
ethical to continue with a study population that was not 
markedly different from those of the previous trials. 
This recommendation was endorsed by the Steering 
Committee. Enrollment of patients was terminated on 
December 25th. When the recommendation to stop was 
made, there were 27 deaths in the placebo group and 13 
in the acebutclol group. The corresponding p value of 


the Logrank test of the l-sided monitoring procedure 
was 0.014. Compared to 0.0035, the nominal level of 
significance for this test, it was nct significant and the : 
upper boundary was not crossed. 

Analysis and statistical tests: The analysis for pri- 
mary and secondary outcomes was performed on an in- 
tention to treat basis. All the results in this report come 
from the intention to treat approach. Chi-square or 
Fisher exact test was used to compare rates when a the- 
oretical number was <5. Student’s ¢ test or analysis of 
variance was used to compare quantitative data. Cox 
regression was used to adjust the mortality rate differ- 
ence to delay of survey and baseline variables. Mantel- 
Haenzel procedure was used to account for qualitative 
baseline variables. Comparison of APSI results with the 
11 previous trials of 6-blocking treatment in postAMI 
patients was done by conducting a metaanalysis of the 
12 trials. Ninety-five percent confidence limits were 
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FIGURE 1. Actuarial survival curves, 


FIGURE 2. Causes ef death. 


30 number 


computed for the odds ratios. Hence, the data from the RESULTS 
12 trials were compared with a common criterion. With When the trial was stopped, 607 patients have been 
). 1,080 patients and a 12% 1-year mortality in the place- recruited by the 44 clinical centers (average 13.8 pa- 
4 bo group and a 6% l-year mortality in the treated tients/center; minimum 1; maximum 43); 309 have 
group, the expected number of interim analyses was 4. been allocated 'to placebo, 298 to acebutolol. Their 
If the trial hadn’t been stopped prematurely, the total mean age was 62.9 years and 73% were men; 83.7% 
number of analyses on mortality would not have exceed- have had a transmural infarction. The electrocardio- 
ed 5. Hence, using the approximate rule derived from graphic site of the infarct was anterior in 51% and in- 
Tukey,!® the nominal level of significance for an overall fero-posterior in 40.6%. Other baseline characteristics 
level of 0.05 is 0.05/4/5 = 0.022 (the original Tukey’s are listed in Table I. In the 7 centers where the APSI 
rule would give 0.01; however, it assumes the interim ` registry has been kept throughout the recruitment, 
analyses are independent and thus is overconservative). 1,883 patients were registered. Among them, 219 
Thus, only p values <0.02 should be considered signifi- (11.6%) were eventually randomized. The most fre- 
cant for the 2-sided tests. Ninety-five percent confi- quent reasons for noninclusion of eligible patients were 
dence limits were computed. alleged contraindication to 8-blocking agents, indica- 


9-17: 
R risk factors 





FIGURE 3. Mortality decrease according 
to secondary risk factors. RR = risk ratio. 6-8 
risk factors 
8 10 12 14 16% 
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withdrawals from study treatment. 
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‘TABLE Vi Serious Clinical =vents 


Acebutolol 


Plecebo 


% No % 


Reinfarction 20 4 
Fatal or nonfatal reinfarction 3.0 11 
Acute pulmonary edema 6.7 15 
Fatal or nonfatal cardiac failure 74 22 
Ventricular flutter or verzricular “ibrillation 0.3 | 
Ventricular flutter, ventr cular fibrillation ` 0.0 
or fatal arrhythmia 

Other vascular events 35 
Other nonvascular evens 51 


TABLE VII Symptons or Signs Noted During Follow-Up 


Acebutolol Placebo 
No. % No % 


11.7 
17.1 


















Angina pectoris 98 329 92 298 
Heart failure 137 460 105 340 
Conduction or rhythm cistursarce 1020 34.2 «101 32.7 
Sinus bradycardia 48 16.1 16 5.2 
Sinus tachycardia 8 27 26 84 
Atrioventricular block 17 5.7 15 49 
Right bundle branch © Il 3.7 16 5.2 
Left bundle branch 4 1.3 7 2.3 
Flutter or atrial fibrillatior 16 5.4 12 3.9 







Extrasystola or ventricubr tachycardia 16 54 26 84 
Other arrhythmia l 





tions for such drugs and impossibility to participate 
(Table II). Overall. included patients had more secon- 
dary risk factcrs than nonincluded patients (Table T). 
Application of the risk function based on the Essai de 
Prévention Secondaire de l’Infarctus du Myocarde reg- 
istry!®!7 pave a the2reticel 1-year mortality for tne 309 
patients in the placeba group at 20.0%, whereas when 
applied to all the registered patients still alive at 10 
days, the figure wai 13.1%; the corresponding otserved 
figures extrapclated to l-year follow-up.with the as- 
sumption of an exponential decay were 12.4 and 13.4%, 
respectively. None of the 607 included and randomized 
patients were lost-to-follcw up for the main ouzcome. 
On a theoretical to-al number of study forms of 4,440, 
1.9% were not received at the coordinating center; 7.7% 
of those received ard con-inuously edited and corrected 
presented 21 error when the final analysis was done. 
Eighty-four percen- of the scheduled follow-up visits 
were done. Twenty-one patients were not followed-up 
by the clinical cemters where they were recruited as 
written in the protocol: instead they have been followed 
by their general prectitioners or cardiologists. 

The 2 groups were well balanced for the baseline 
characteristics of randomized patients; out of >266 
comparisons of baseline data, only 7 led to p values 
<0.05 (Table III). This is well within random varia- 
tions. The average delays between onset of syntptoms 
and inclusion in the trial were 11.1 days in the acebuto- 
lol group (minimum 3; maximum 31) and 10.4 in the 
‘placebo group ‘minimum 2; maximum 29). 

The average follow-up duration was 318.5 days after 
inclusion. The ratio effec-ive/expected duration of fol- 
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low-up was 0.96 in the acebutolol group and 0.91 in the 
placebo group. 

In regard to total mortality, there were 17 deaths in 
the acebutolol group (5.7%) and 34 in the placebo 
group (11%). This 48% decrease in total mortality leads 
to a 0.019 (2-sided) or 0.013 (1-sided) p value. The sur- 
vival curves did not cross over (Figure 1). There were 
30 vascular deaths in the placebo group (9.7%) and 12 
in the acebutolol group (4.0%, Figure 2). This 58% de- 
crease in vascular moctality leads to a p value of 0.006 
(2-sided). All cardiovascular causes of death were less 
frequent in the acebu-olol group (Table IV). The total 
mortality decrease did not appear to be correlated with 
the number of seconcary risk factors (Figure 3). The 
homogeneity test for zhe 2 risk ratios, that is, 0.57 for 
patients with >8 secondary risk factors and 0.41 for 
those with 6 to 8 secondary risk factors, leads to a p. 
value of 0.646. When the difference in total mortality is 
adjusted for 15 baseline characteristics (gender, age, 
baseline heart rate, Ciastolic and systolic blood pres- 
sures, interval MI/randomization, Listory of prior AMI, 
angina pectoris, congestive heart failure, hypertension, 
prior treatment with digitalis or dicretics, diabetes mel- 
litus; [at admission] mechanical heart failure or electri- 
cal heart failure [ventricular fibrillation, ventricular 
tachycardia, auriculoventricular block, atrial fibrilla- 
tion]), the 2-sided p value is 0.0052. When the differ- 
ence is adjusted for secondary risk factors, the 2-sided p 
value is between 0.017 and 0.026, depending on the 
model. In the placebo group, 109 patients were with- 
drawn from study treatment and the corresponding 
number was 102 in the acebutolol group (Figure 4). 
The reasons for withdrawal are listed in Table V. Side- 
effects of 8 blockade were infrequent causes of with- 
drawal. The investigetors rated tae compliance over 
90% of the theoretical number of tablets in 86.4% of the 
occasions in the acebutolol group and 85.4% in the pla- 
cebo group and below 50% in 5.1 and 4.3% of the occa- 
sions, respectively. | | 

The frequencies of clinical events as reported on 
study forms are listed in Table VI. Signs of heart failure 
were more frequent in the acebutolal group (p = 0.003), 
whereas death due to heart failure was not more fre- 
quent (3 against 7 deaths in the p-acebo group, Table 
IV) nor was acute pulmonary edema (Table VI). Brad- 
ycardia was more frequent in the acebutolol group (p 
<0.001), whereas in turn, tachycardia was less frequent 
(p = 0.002, Table VI). Regarding nonvascular events 
or signs, diarrhea occurred more frequently in the ace- 
butolol group (p = 9.014). Concomitant treatments 
were evenly distributed in the 2 groups. Thirty percent 
of the patients have taken aspirin regularly; one-half 
were given oral anticoagulants. One-third were given 
diuretics, whereas 10% received digitalis. Finally, 39.3% 
in the acebutolol group and 37.9% in the placebo group 
received nifedipine. 


DISCUSSION 

This trial has failed to select h-gh-risk patients re- 
covering from an AMI. The observed total mortality in 
the control group was 11% over 320 days. Assuming the 
hazard rate is constant, and extrapolated 1-year mortal- 


ity is 12.5%, which is well below the expectation 
(>20%), although it is greater than the average 1-year 
mortality in the placebo groups of the previous trials 
and not different from the risk observed in the Norwe- 
gian propranolol trial,’ the Norwegian Multicenter 
Study? and the Australian and Swedish Pindolol 
Study.? Because a comparison of a 6 blocker against 
placebo in postAMI patients was felt ethical only if the 
basal 1-year mortality was in the unexplored range (1.e., 
>15 to 20%), the APSI Policy Board decided to termi- 
nate the trial early. Reasons that explain this failure will 
be considered in a separate report. Briefly, the selection 
algorithm works fairly well on average. However, the 
highest risk patients were not included, as shown by 
comparing the risk profiles of randomized and excluded 
patients in the 7 centers that kept the registry. Although 
recruitment in the trial had been stopped before its 


ALPRENOLOL (WILHELMSSON) 
PRACTOLOL (MIS) 
PROPRANOLOL (BABER) 
TIMOLOL (NMS) 
PROPRANOLOL (BHAT) 
PROPRANOLOL (HANSTEEN) 


FIGURE 5. Beta-blocking agents and post- 
myocardial infarction 1-year mortality. 
APSI = Acebutolol et Prévention Secon- 
daire de ’Infarctus; ASPS = Australian 
and Swedish Pindolol Study; BHAT = Beta 
Blocker Heart Attack Trial; EIS = Europe- 


scheduled termination because the included patients dif- 
fered from the target population, our findings show a 
benefit from acebutolol as compared to placebo in terms 
of both total mortality, the primary outcome and vascu- 
lar mortality. A metaanalysis conducted on the 12 trials 
confirms that in APSI, the decrease in 1-year mortality 
is at least as good as the pooled benefit (Figure 5). Ac- 
tually, the observed decrease of 48% is the greatest ob- 
served among the 12 trials. However, this is not proof 
that acebutolol is more effective than any other 8-block- 
ing agent in the secondary prevention after myocardial 
infarction, although the p value for homogeneity is 
small when APSI is added to the other trials (0.023); 
the 95% confidence interval for the decrease is 0.27 to 
0.90. It has been claimed that 6-blocking agents with 
intrinsic sympathomimetic activity are less effective if 
not ineffective in that condition because the 2 trials that 
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6.9% 230 
4.6% 3054 
9.7% 388 
11.3% 1884 
6.0% 3837 
13.1% 560 
48% 1456 
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an Infarction Study; LIT = Lopressor 
Intervention Trial; MIS = Multicentre 
International Study; NMS = Norwegian 
Multicentre Study. 


12.4% 529 
5.1% 1741 
7.5% 

5.2% 

11.0% 





FIGURE 6. Regression of risk decrease 
over placebo subgroup risk (weighted by 
events). 
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tested such drugs, the European Infarction Stucy with 
oxprenolol and the Australian European Pindolol Study, 
gave negative trends.°? However, no overview of previ- 
ously published trials has substantiated such a claim 
which, eventually, is even less likely after our findings 
because acebutolol is a @-blocking drug with intrinsic 


sympathomimetic activity, however moderate. Never- 
theless, a possible role of the daily dose of drugs cannot 
be discarded because we have chosen a rather low ace- 
butolol dose. From a trial by Collett et al,'? acebutolol 
appears to be 4 to 7 limes less pozent on a mass basis 
than propranolol on exercise tachycardia in healthy vol- 


TABLE VIII Comparison of APS and BPP Subgroup Findings 





EBPP 
Death Rate 
l (lacebo) 
No. —_— 
patients 

Total no. patients 13,679 7.2 
Age (yrs) 

<50 3,106 3.5 

50 to 59 5,348 6.9 

>59 5,225 9.8 
Gender 

Male 11,398 7.i 

Female 2,281 7.7 
interval AMI /randomization (days) 

<6 1,126 -1.5 

6to13 7,908 7.2 

14to 21 3,104 6.7 

21 1,526 5.4 
Prior AMI 

Present 2,117 13.9 

Absent 11,562 6.0 
Prior angina pectoris 

Present 4,508 10.2 

Absent 9,171 5.8 
Prior heart failure 

Present 797 13.9 

Absent 9,268 7.1 
Prior SH 

Present 2,973 9.3 

Absent 7,652 7.5 
Prior diabetes mellitus 

Present 920 8.2 

Absent 12,199 6.9 
Treatment with digitalis 

Present 957 18.8 

Absent 9,280 6.8 
Treatment with diuretics 

Present 1,438 11.9 

Absent 8,799 7.2 
Electrical failure 

Present 4,487 8.3 

Absent 8,663 6.3 
Mechanical failure 

Present 3,519 12.8 

Absent 10.160 5.3 
Heart rate (beats /min7+) 

<70 3.339 4.5 

70 to 89 8,076 6.7 

>89 1,478 13.6 
Diastolic BP (mm Hg) 

<70 2,059 6.5 

70 to 89 8,016 6.7 

>89 2,242 7.1 
Systolic BP (mm Hg} 

<110 2,625 7.0 

110 to 139 7,599 6.5 

>139 2,115 71 


APSI 

Death Rate 

(placebo) 
Common No. ———- Common 
Odds Ratio Patient 45.7 weeks Odds Ratio 
0.76 607 11.C 0.49 
0.97 2 £ 0.52 
0.63 133 3.2 1.37 
0.83 38. 14.1 0.43 
0.74 442 9.2 0.51 
0.81 164 15.3 0.46 
0.65 128 16.8 0.18 
0.74 313 9.0 0.96 
0.70 154 10.0 0.22 
1.12 5 0 
0.68 141 16.7 0.57 
0.79 464 9.3 0.45 
0.74 251 14.8 0,35 
0,75 354 8.3 0.67 
0.87 163 11.7 0.55 
0.78 441 10.8 0.46 
0.75 198 11.8 0.41 
0.80 404 10.7 0.54 
0.88 93 11.4 0.16 
0.75 513 10.3 0,56 
0.63 16 0 0.91 
0.81 550 11.2 0.47 
0.77 121 17.2 0.68 
0.78 4&5 . 9.4 0.42 
0.68 219 11D 0.49 
0.77 3&8 11D 0.49 
0.73 311 133 0.46 
0.78 296 82 0.51 
0.74 214 73 0.50 
0.75 291 113 0.47 
0,68 88 20.9 0.27 
0.54 275 141 0.09 
0.79 236 97 1.02 
0.72 83 54 0.80 
0.51 166 143 0.31 
0.81 290 109 0.42 
0.79 138 83 0.71 


APSI = Acebutolol et Prevention Secondaire de l'infarctus; BBPP = 8 Biccker Pooling Project; SH = systemic hypertension. 





BBPP findings from Ref.15. 
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unteers.!? Hence, the daily dose cf acebutolol that cor- 
responds to the 320 mg daily dose of propranolol in the 
Beta Blocker Heart Attack Trial? is $1,380 mg. Thus, 
in APSI, the dose of 8-blocking activity was one third of 
that in Beta Blocker Heart Attack Trial. 

Although the trial sample was less at risk than ex- 
pected for proving that 6-blocking agents are still bene- 
ficial in high-risk patients, could we find evidence from 
our data that support this hypothesis? First, as men- 
tioned before, the risk decrease is not different for the 
329 patients with 6 to 8 secondary risk factors than for 
the 278 with >8 secondary risk factors, whereas the 
45.7 weeks mortality on the placebo subgroups were 7.6 
and 15.1%, respectively. Second, by subgrouping the 


study sample by the number of secondary risk factors, 


with 225 patients in every subgroup, a range of 45.7 
weeks mortality from 1.8 to 23.1% was obtained; as 
shown in Figure 6, a trend, although not statistically 
significant, for increasing risk decrease with increasing 
risk does appear. Third, using the same subgrouping as 
in the Beta-Blocking Pooling Project,!> again no corre- 
lation with death rate in the placebo subgroups ap- 
peared (Table VIII). In the subgroups with “high-risk” 
prognostic factors such as electrical or mechanical fail- 
ures, the 45.7 week mortality rate in APSI was between 
10.2 and 20.9%, but for patients with digitalis the num- 
ber was too small. Tie risk decrease in mortality ranges 
from 91% (diastolic pressure <70 mm Hg) to only 3% 
(prior mechanical failure) whereas in the alternative 
subgroups with “low-risk” prognostic factors, the de- 
crease is between 48% (age <50 years) and 20% (dia- 
stolic blood pressure >89 mm Hg). One can note from 
Table VIII that the 45.7-week death rate in the placebo 
subgroup in APSI is almost always higher than in the 
pooled placebo subgroups from the Beta-Blocking Pool- 
ing Project. This confirms that patients in our trial were 
at higher risk than the average patient in the previous 
trials included in the Beta-Blocking Pooling Project. 
Heart rate decrease has been claimed as the key mecha- 
nism of the favorable effect of (-blocking drugs in 
postA MI patients.2° However, the heart rate decrease in 
APSI was 9.2 beats/min, which is about the same as in 
the European Infarction Study (8 beats/min)® or the 
Multicenter International Study (9 beats/min)! with a 
29.4% observed increase in total mortality and a 20.5% 
observed decrease in total mortality, respectively. 
Although the objective of our trial in terms of basal 
risk of the study sample has not been achieved, its find- 
ings, added to the previously published data, support 
that moderately severe patients after AMI can benefit 
from a 6-blocking treatment. Furthermore, this trial has 
shown that acebutolol, a 8-blocking drug with intrinsic 
sympathomimetic activity can decrease mortality in pa- 
tients recovering from an AMI by 48%. Finally, our 
data, compared to previously published data, raise the 
point of the appropriate dose of 8-blocking activity for 
secondary prevention in postAMI patients. However, 
the benefit/risk ratio of such a treatment is not docu- 
mented for patients with very high risk (e.g., l-year 
mortality >20%). In addition, profiles of patients who 


should not receive a -blocking drug after an AMI have 
not been identified. 
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‘Improved Survival but not Left Ventricular 
Function with Early and Prehospital Treatment 
with Tissue. Plasminogen Activator | 
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One hundred ninety patients with acute myocardial 


infarction (AMI) were treated with recombinant tis- 
sue-type plasminogen activator (rt-PA) 2.0 + 0.8 


- hours after the onset of symptoms. Eighty-seven 


patients were enrolled via mobile intensive care 
units and 103 through the emergency ward. Pa- 
tients who were enrolled via the mobile intensive 


‘care units were randomized to immediate, pre- 


hospital treatment initiation, or to delayed, 
in-hospital treatment initiation. All 190 patients ex- 
cept 2 underwent delayed coronary angiography 


~ and, when indicated, angioplasty at 72 hours after 


enrollment. Patients treated within 2 hours and 


those treated 2 to 4 hours after symptom onset had 


similar preservation of left ventricular function, and 


_ Similar prevalence of congestive heart failure at dis- 


charge. Patients treated within 2 hours of symptom 
onset had significantly lower short- (0.0 vs 6.3%, p 
= 0.01) and long-term (1.0 vs 9.5%, p = 0.03) 
mortality. Prehospital initiation of rt-PA appeared , 
to be safe and feasible and resulted in a 40-minute 
decrease in the time from symptom onset te treat- 
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ime. to treatment is one of the most important 
determinants of successful thrombolysis in acute 
myocardial infarction (AMI). Thrombolytic 
treatment initiated within 2 hours after onset of pain 
has been shown to be most effective in preserving left 


ventricular function'-? and reducing short- and long- 


term mortality.+° The purpose of the first phase of the 
Israeli Study of. Early Intervention in Myocardial In- 
farction was.to identify possible correlates of clinical 
outcome in patients with AMI after thrombolytic treat- 
ment with recombinant tissue-type plasminogen activa- 


` tor (rt-PA) with special emphasis on time from onset of © 


symptoms to thrombolytic treatment. We report oe 
main results observed in 190 patients with AMI, 
whom rt-PA thrombolysis was initiated an average of 2 2 
hours after onset of symptoms. Prehospital thrombolysis 
was initiated in a substantial portion of these patients by 
the teams of the mobile intensive care units. Patients 
underwent coronary angiography 72 hours after treat- 
ment initiation, and, when indicated, coronary angio- 
plasty or coronary bypass. Short- and long-term effects 
of early versus late thrombolytic therapy were evaluated 
by left ventricular function, cardiac morbidity and mor- 
ay ee ‘ 


MET HODS 

Study population: From October 1986 to December 
1987, 190 consecutive patients received rt-PA therapy 
for AMI. Patients were enrolled via the emergency 
ward and the mobile intensive care units, which were 
staffed by a ‘physician and paramedic. Patients who 
were brought in by the mobile intensive care units were 
randomized by a month into prehospital or in-hospital 
treatment groups. Months for each of the 2 treatment 
modes were selected randomly. In patients -recruited 
during the months selected for prehospital treatment, rt- 
PA infusion was initiated at home, whereas in patients `. 
recruited during. the months selected for in-hospital 
treatment initiation, rt-PA infusion was initiated only 
after admission ‘to the intensive coronary care unit. 
When a patient with AMI was identified by the mobile 
unit team as eligible for thrombolytic therapy, the team 
would radio the senior physician on call and describe 
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rt Lin RL RR IRR 





inferior 
infarction 
(n = 89) 





Left ventricular ejection fraction (%) 





immediate* 57-11 

Contrast? 61413 

Discharge* 56 413 
Clinical outcome- at discharge (%) 

Congestive heart failure 1/87 (1) 

Mortality at 62) day's 2/89 (2) 

Mortality at 2=- menths 4/89 (4) 


TABLE I Clinical Outceme of Patients with Anterior, Inferior and Old Infarction 






* Determined by radioruclidz ventriculography; t determined during coronary angiaprapny at 72 hours. 
















Previous 
Infarction 
(n=25) 


Anterior 
Infarction 
(n= 76) 





















40415 42 +14 

5813 52413 0.01 
46 +17 42+ 16 0.0001 
7/74(10) 9/25 (20) 0.003 
3/76 (4) 1/25 (4) NS 
4/76 (5) 2/25 (8) NS 





TABLE Il Clinical Dutcome of Patients with 1-, 2- and 3-Vessel Coronary Artery Disease 


One-Vessel 
Disease 


Ventricular function 

immediate IEF 

Pts (n) 

Discharge L\ =F 

Pts (n) 

Change in L\ =F 

% patients with normal 
(>50%) dscharge LVEF 

Congestive t sart 6/90 (6) 
failure at cischarge (%) 

Non-Q-wave :nfarction (%) 30/90 (33) 

Mortality at 20 dayst 1/90 (1) 

Mortality at 24 months? 1/90 (1) 


* By Wilcoxon rank suri test. 


60/90 (67) 


Two-Vessel Three-Vessel 
Disease Disease 
(n= 61) (n= 37) p Value 


17737 (46) 


38/56 (64) 


3/61 (3) 6/37 (14) 


18/61(30) 3/37 (8) 
2/61 (3) 4/37 (11) 
3/61 (5) 4/37 (11) 


t Excluding the 2 patieztts who died before angiography could be done. Treated by Fshe~ exact test for 2 x 2 tables — 3 verzus 1- + 2-vessel disease. 


LVEF = left ventricularsjection fraction. 





the patient’s history and electrocardiographic picturz. 
Based on this ve-bal description, the physician in charge 
authorized treatment initiation and allocated a bed :n 
one of the intensive coronary care units involved in the 
study. During tne randomized months in which treat- 
ment was delayed until after admission to the coronary 
care unit, the same procedure of communicating wi-h 
and obtaining the approval of the senior physician was 
followed, but tre mobile unit team did not start treet- 
ment and thrombolytic infusion was initiated in the hcs- 
pital coronary care unit. 

Patients enralled through the emergency ward were 
treated as soon as possible after admission, with rt-FA 
infusion initiated either in the emergency reom, or 3n 
admission to the intensive coronary care unit. The study 
protocol was approved by both institutional committees 
on human research, and all participating patients gave 
their informed zonsent. 

ENTRY CRITERIA: All patients admitted to the study 
were <72 years old, had severe chest pain for >30 mn- 
utes, but not >4 hours, had ST-segement elevation of 
0.1 mV in at least 2 contiguous electrocardiograpnic 
leads, had no left bundle branch block on the entry elc- 
trocardiogram, no history of congestive heart failure, no 
prior cardiac surgery, a diastolic blood pressure <120 
mm Hg, no history of terminal illness and no bleed-ng 
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predisposition (i.e., oral anticoagulant therapy, recent 
trauma, past bleed_ng history, cr cerebrovascular acci- 
dent during the last 6 months). ' 

THROMBOLYTIC EEGIMEN: A total dose of 120 mg rt- 
PA (G11035, supplied by Boehringer Ingelheim) was 
administered durinz a 6-hour infusion starting with a 10 
mg bolus followed by a continuous infusion of 50 mg 
during the first hour, 20 mg in the second hour and 10 
mg during each of the following 4 hours. 

Concomitantly, heparin was. infused intravenously, 
starting with a bofus of 5,000 _U and continuing with 
25,000 IU /24 hovrs. Dose was adjusted thereafter to 
maintain the activated partial thromboplastin time be- 
tween 1.5 to 2 times each patient’s baseline value. Hep- 
arin infusion was continued for at least 5 days except in 
the following cases: patients who underwent successful 
coronary angioplasty where heparin was discontinued 
after 24 hours; paients who had bleeding; and patients 
who were referred to urgent (before discharge) coro- 
nary bypass surgery, where heparin was continued until 
surgery. Aspirin in a daily dosage of 250 mg was started 
after the first 24 hours and was continued during fol- 
low-up. Conventional antianginal and anticongestive 
therapy was administered as nzeded. All patients were 
treated prophylactically with 2 g/day of intravenous lid- 
ocaine for the first 24 hours. 


TABLE Ill Baseline Characteristics of the Study Patients 


Enrollment by 
Mobile Coronary Unit 


Prehospital 
(n = 43) 


Age (yrs) 
Sex (% male) 
Clinical prognostic groups 
Anterior AMI (%) 
Inferior AMI (%) 
Previous AMI (%) 
Angina pectoris (% patients) 
Absent 
<6 months 
>6 months 
Functional classificaticn? (% patients) 
Otol 
Z2to3 
Rales over 1/3 lung 
fields (% patients) 
% pts with 2- and 
3-vessei CAD 
Time to treatment (min) 


In-Hospital 
(n= 44) 


Enrollment by 
Time to Treatment 
Emergency 
Ward 
(n = 103) 


<120 min 
(n = 96) 


2120rmin 
{(n=94) 


56 + 10.0 
88.3 


* Statistical difference between the prevalence of anterior wall infarction in the early (<120 min) versus late (=120 min) treatment groups, p = 0.06. 


1! By Canadian classification, 

t Time to treatment <120 versus 2120 min, p = 0.05. 

§ p <0.0001. 

AJl + data ara mean + standard deviation. 

AMI = acute myocardial infarction; CAD = coronary artery disease. 


TABLE IV Clinical Outcome of the Study Patients 


Enrollment by 
Mobile Coronary Unit 


Prehospital 
(n = 43) 


Treatment 
Group 


Left ventricular functior: (% LVEF) 
Immediate LVEF 
Pts (n) 
Discharge LVEF 
Pts (n) 
Percent patients with patent 
infarct artery 
Congestive failure at 
discharge (% pts) 
Non-Q-wave MI 
(% pts) 


CORONARY ANGIOGRAPHY AND PERCUTANEOUS TRANS- 
LUMINAL CORONARY ANGIOPLASTY: All patients under- 
went coronary angiography 72 hours after treatment 
initiation unless their clinical situation necessitated ear- 
lier catheterization. Patients with >50% reduction in 
the luminal diameter of the infarct-related artery under- 
went an ad hoc percutaneous transluminal coronary an- 
gioplasty during the same session unless they were re- 
ferred to coronary bypass surgery because of 3-vessel 
coronary artery disease, left main or left main equiva- 
lent disease was found, the infarct artery was considered 
insignificant or the lesion was not considered suitable 
for angioplasty for other reasons. The decision to pro- 
ceed to angioplasty was based on coronary anatomy re- 
vealed during angiography. The treating physicians 


In-Hospital 
(n= 44) 
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Enrollment by 
Time to Treatment 
Emergency 
Ward 
(n= 103) 


2120 min 
(n = 94) 


<120 min 
(n = 96) 





were unaware of the time interval from onset of symp- 
toms to the initiation of thrombolytic infusion. Similar- 
ly, the decision to refer patients to bypass surgery was 
based on the angiographic characteristics of each pa- 
tient, and this decision was made by an institutional 
committee whose members were blinded to the time to 
treatment after the onset of infarction. 

Patency of the coronary arteries was evaluated by a 
central angiography committee. The assessment in- 
volved a consensus reading of all angiograms by the 
same 2 coronary angiographers, who were blinded to 
the clinical course of the patients except for the electro- 
cardiographic localization of the infarction. Severity of 
coronary artery disease was determined by visual assess- 
ment of the reduction in luminal diameter (percent ste- 
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TABLE V Mortality by Enrollment Groups and Time te Treatment 


Enrollment 3y 


Time to Mobile Corsnary Unit Emergency 

Treatment Prehospita In-Hospital Ward Total 
<120 minutes n=33 n=14 n=51 n=% 
>120 minutes n=10 n=10 n=52 n=94 


All patients n=43 n=44 n= 103 n= 190 p Value* 





Mortality at 60 days 


<120 minutes 0 0 0 

2120 minutes 1 3 2 6 0.01 
Mortality at 24 moths (all) 

<120 minutes 0 0 1 x 

2120 minutes 3 3 3 9 <0.01 
Mortality at 24 menths (cardiac only) 

<120 minutes 0 0 1 l 

=120 minutes 1 3 3 7 


* Statistically significar; diffe-ence in mortality between the total early and late treatnent groups. Examined by Fisher's exact test for 2 X 2 tables. 


nosis) and Thrombolysis in Myocardial Infarction CLINICAL PROGNOSTIC GROUPS: For the purpose of 
(TIMI) grading: of perfusion of each coronary artery analysis, patients were categorized into 3 groups: one 
and its major branches.’ with first infarctiors in the anterior wall and no prior 


EVALUATION GF LEFT VENTRICULAR FUNCTION: During infarction, one with an infarction in the inferior wall 
hospitalization, cach patient underwent 3 radionuclice and no prior infarction, and one with a previous myo- 
studies to assess left ventricular function. These studies cardial infarction irrespective of the location of the cur- 
were performed as soon as possible after admission, but rent infarction. 
not later than 4& hours (mean 18 + 13 hours), immed- Statistical analysis: The 2 randomized groups that 
ately before the 72-hour coronary catheterization, ard were enrolled via the mobile intensive care units were 
at discharge. Orly the results of the first and last studizs compared to the group enrolled through the emergency 
are reported here. For analysis purposes, the 5 patiemts ward. This analysis indicated that treatment earlier 
who died befor: discharge were assigned a discharge than 120 minutes after symptom onset had a beneficial 
left ventricular ejection fraction of zero. A separate effect on mortality irrespective of enrollment group. 
analysis of left ventricular ejection fraction was per- This 120-minute cut-off point is consistent with earlier 
formed, eliminading the 5 patients who died, dut resu.ts reports.':+° Consequently, all baseline and outcome 
remained similér. variables were compared in patients treated within 120 

Radionuclids studies were performed in tae nuclear minutes and patients treated 2120 minutes after onset 
cardiology labcratories adjacent to the coronary cere of symptoms. 
unit. An Elscint Apex 415 digital gamma camera was Continuous variables that differed between groups 
used and a mukigated equilibrium blood poo. scan wth were analyzed by ? test (when 2 groups were compared) 
red blood cells labeled in vivo with 20 to 25 mCi of or 1-way analysis of variance (when 3 groups were com- 
technetium-99m was performed in the anterior and 45° pared), or Wilcozon’s rank sum test when variances 
left anterior ob.ique projection. Left ventricu_ar ejection were unequal. For categorical variables, chi-square or 
fraction was determined in the 45° left anterior oblicue Fisher’s exact test for 2 X 2 tables were used. 
projection. A backzround-corrected left ventricular time 
activity curve “vas used to calculate the global ejecton RESULTS 
fraction semiaitomatically. All radionuclide examina- Study population: One hundred ninety patients with 
tions and the Eft ventricular ejection fraction were as- AMI received intravenous rt-PA infusion. There were 
sessed by the same 2 experienced cardiologists who were 161 men and 29 women who were 56 + 9.4 and 62 + 
blinded to the clinical course of the examined patieats. 7.1 years old, respectively (p <0.001). Except for age, 

Clinical definitions: INFARCTION: The diagnosis of there was no significant difference between men and 
myocardial infarczion was confirmed by the occurrence women in either baseline characteristics or clinical out- 
of ischemic chest pain lasting >30 minutes and accom- come; therefore, they were grouped together in all anal- 
panied by STsegment elevation of at least 0.1 mV :n2 yses. There were 165 patients (87%) with first myocar- 
contiguous electrocardiographic leads, followed by ei- dial infarction, of whom 76 (40%) had anterior wall and 
ther an increase of creatine kinase-MB fraction to val- 89 (47%) inferior wall infarctions. An additional 25 pa- 
ues >5% of tctal creatine kinase, or appearance of a Q tients (13%) had a previous A.MI. 
wave not present on entry electrocardiogram. Of the 190 patients, there were 8 in whom the initial 

PATENCY: A TIMI grade of 2 or 3 for the inferct- clinical picture of AMI was not confirmed by an in- 
related coronery artery was defined as patent.’ Occlud- crease of the MB fraction of creatine kinase or by the 
ed infarct-arery was accordingly defined as TIMI development of new Q waves during hospitalization. 
grade 0 or 1. However, analysis was performed on the total group, 
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because excluding these patients did not affect the 
results. 

Clinical prognostic groups: Patients with first ante- 
rior and inferior wall AMI and patients with a previous 
AMI had similar baseline characteristics except that the 
latter had more ciffuse coronary artery disease (p 
<0.01) as demonstrated by a significantly higher preva- 
lence of 2- and 3-vessel disease (92% vs 41 to 51%). The 
groups with first anterior wall AMI and with a previous 
AMI resembled each other and had a significantly larg- 
er infarct size and less preservation of left ventricular 
function immediately after admission, during coronary 
angiography, and at discharge compared to patients 
with first inferior wall AMI (Table I). Patients with 
anterior wall AMI and patients with previous AMI also 
had a higher mortality rate at 60 days, but this excess 
was not statistically significant. At 24 months, higher 
mortality was observed in patients with first anterior 
compared to patients with first inferior AMI; however, 
this difference was not significant. Within the group of 
patients with a previous AMI, the infarct site had no 
effect on outcome (data not shown). 

Coronary angiography and angioplasty: Coronary 
angiography was performed within 72 hours after com- 
mencement of rt-PA infusion in 188 patients; 2 patients 
died before coronary angiography could be done. The 
infarct artery was found to be patent in 158 patients 
(84%) with a normal coronary angiogram found in 4 of 
them. Ninety patients (47%) had 1-vessel, 61 (32%) had 
2-vessel, and 37 (19%) had 3-vessel coronary artery 
disease. 

The outcome in patients with the most diffuse 3-ves- 
sel coronary artery disease was significantly worse com- 
pared to that in patients with 1- and 2-vessel disease; 
outcome was similar in the latter Z groups (Table IJ). 
The worse outcome was manifested by lower incidence 
of non-Q-wave infarction, lower percentage of normal 
(>50% ejection fraction) left ventricular function at dis- 
charge and increased mortality at €0 days and 1 year. 

Time to treatment: Table II lists demographic and 
clinical characteristics of patients by enrollment group 
at entry. Of the 190 patients, 103 were admitted via the 
emergency ward and were treated within 2.0 + 0.8 
hours from onset of symptoms. Eighty-seven patients 
were brought in by the mobile units: 43 were randomly 
assigned to prehospital treatment initiated at home, and 
44 to delayed treatment in the hospital’s coronary care 
unit, with 1.6 + 0.6 and 2.2 + 0.7 Sours to treatment, 
respectively (p <0.0C01). Mean time to treatment in 
patients who were enrolled via the mobile coronary 
units was 1.9 + 0.8 hours, and thus was similar to the 
time to treatment in the patients wno enrolled via the 
emergency ward. The overall mean time from onset of 
symptoms to treatment initiation was 2.0 + 0.8 hours. 

The 43 patients whose treatment was initiated at 
home by the mobile intensive care unit teams did not 
experience any complications during transfer, including 
bleeding, allergic reactions or hypotension. Two patients 
had ventricular fibrillation, which was successfully con- 
verted by electrical defibrillation. 

Of the total study group, 96 patients (50%) were 


treated within 2 hours from onset of pain (early treat- 
ment group), and in 94 (49%) treatment was initiated 
between 2 and 4 hours after onset of pain (late treat- 
ment group). These 2 groups were comparable with re- 
spect to age and sex, but the group treated within 2 
hours from symptom onset tended to be more severely 
ill, as reflected by a higher prevalence of anterior wall 
infarctions (p = 0.06), a longer history of anginal syn- 
drome, and a worse Killip class. 

Mechanical revascularization procedure: Coronary 
angioplasty was performed in 96 patierits (50%) and 
was successful (defined by >50% reduction in luminal 
stenosis) in 85 patients (88%). As expected from their 
worse baseline clinical characteristics, coronary angio- 
plasty and coronary bypass operations were performed 
more often in the patients in the early treatment groups 
than in the late treatment groups. Thus, 56 versus 45% 
underwent coronary angioplasty in the early and late 
treatment groups, respectively (difference not signifi- 
cant), and 14 versus 4% of the patients in the 2 groups 
underwent coronary bypass operations before discharge 
(p = 0.02). This higher incidence of mechanical revas- 
cularization procedures in the early treatment group 
was highly significant (p <0.01). 

Clinical outcome of early versus late treatment 
groups: All outcome variables except mortality were 
unaffected by the time or place in which treatment was 
initiated (Table IV). Patients in all enrollment catego- 
ries had similar preservation of left ventricular function, 
similar incidence of congestive heart failure at discharge 
and similar patency rates at the 72-hour angiography. 

Mortality was significantly lower in the early treat- 
ment group (Table V). None of the 96 patients in the 
early treatment group died within 60 days after the in- 
farction, whereas 6 patients among the 94 patients in 
the late treatment group died (p = 0.01). Of these 6 
deaths, 1 occurred 10 minutes after treatment initiation 
and was related to persistent ventricular fibrillation; the 
other 5 patients died from cardiogenic shock. Four addi- 
tional deaths occurred >2 months after treatment, 1 
from the early treatment group arid 3 from the late 
treatment group. The patient in the early treatment 
group died of cardiogenic shock 3 months after treat- 
ment. In the late treatment group, 1 patient died of rup- 
tured mycotic-aortic-aneurysm after 3 months, another 
died of anaphylactic shock after 3 months and the third 
died in an accident 24 months after treatment. Thus, 
mortality at 24 months was significantly lower for the 
early treatment group (1 of 96, 1%) than for the late 
treatment group (9 of 94, 10%) (p <0.01) (Table V). 
The difference was still significant when only the 8 car- 
diac deaths were considered (p = 0.03). 


DISCUSSION 

The importance of early thrombolytic therapy has 
been demonstrated in 2 large scale mortality studies; the 
Gruppo Italiano per lo Studio della Streptochinasi nell’- 
Infarto miocardico and the Anisoylated Plasminogen 
Streptokinase Activator Complex Intervention Mortali- 
ty Studies.*-° In our study population, the overall 2-year 
mortality rate was low: 10 deaths out of 190 treated 
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patients (5%), of which 8 (4%) were cardiac. This low 
mortality may be related, at least in part, to the fact 
that thrombolytic taerapy was initiated an averaze of 2 
hours after symptom onset. Moreover, our patients 
treated within 2 hours from symptom onset had signifi- 
cantly lower 60-day and 24-month mortality when com- 
pared to the patients treated 2 to 4 hours after symptom 
onset. . 

It is noteworthy that the 96 patients who received 
early thrombolytic therapy were more severely iL, as in- 
dicated by the increased incidence of preinfarcticn angi- 
na pectoris, the wcrse Killip class at admission and the 
significantly higher incidence of mechanical revascular- 
ization procedures. This suggests that sicker patients 
seek help earlier. Thus, patients who were treated earli- 
er had lower mortality, even though they comprised a 
higher risk population. 

It is also noteworthy that only 4 deaths (2%) oc- 
curred in all of these patients between 60 days and 24 
months. However, this remarkably low long-term mor- 
tality should be viewed with respect to the overall low 
mortality in our population of AMI patients treated 
with thrombolytic therapy, and the previous experience- 
gathered in other thrombolytic trials, which demon- 
strated that most of the deaths in these patients occurs 
in the first 2 months.° 

Although it can be argued that the lower mortality 
in the early treatment group is related to the higher in- 
cidence of mechanical revascularization procedures, it 
should be stressed that all patients underwent coronary 
angiography within 72 hours after enrollment, that the 
decision to proceed with coronary angioplasty cr bypass 
operation was based on objective anatomical criterié 
and that the decision-making process was conducted by 
physicians who were blinded to the time elapsed from 
onset of symptoms to treatment initiation. 

While others kave also found that early treatment iz 
associated with reduced mortality, the relation between 
early treatment and improvement of left ventricula- 
function is less clear. Some studies observed bezter pres- 
ervation of left ventricular function in patients treated 
earlier,'-3 whereas others have found no relation be- 
tween preservaticn of left ventricular function and tims 
to treatment.*!° In our study, despite the lower mortali 
ty of patients treated earlier, other clinical parameters 
such as left ventricular ejection fraction, prevalence cf 
congestive heart failure at discharge or the inadence cf 
non-Q-wave infarction did not differ between 2arly and 
late treatment groups. Similar discrepancy between the 
effects of reperfusion on left ventricular function and 
survival was recently reported in patients treated with 
anisoylated plasminogen streptokinase activator com- 
plex versus patients treated with heparin.!! It has been 
argued that assessment of global left ventricular func- 
tion may be misleading in the early stage of acute im- 
farction because of myocardial “stunning.” 1? 
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Most of the advantage of thrambolytic therapy is 
achieved when it is administered early during the course 
of myocardial infarction. Unforturately, most patients 
with AMI wait 1 to 2 hours before they seek medical 
help, and thus they reach treatmert with an AMI that 
is already 2 to 3 hours old. By the time medical care is 
received, the amount of salvageablz myocardium is de- 
teriorating rapidly and each minute counts. The overall 
better outcome of patients in our early treatment group 
may be in part attributed to the initiation of rt-PA infu- 
sion in the homes of some patients by the mobile inten- 
sive care units. On the basis of our experience, such ear- 
ly intervention is safe and effective, and we recommend 
it whenever appropricte facilities are available. The ad- 
ditional cost of providing thrombo_ytic therapy through 
existing mobile coronary care unitis is negligible. Thus, 
prehospital thrombolytic therapy can augment the suc- 
cess of such treatment by shortening the interval be- 
tween symptom onset and treatment initiation, and may 
thereby reduce mortality. 
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| Effects of Early Intervention with Low-Dose 
Aspirin (100 mg) on Infarct Size, Reinfarction 
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Recently, it was shown that aspirin given early in 
acute myocardial infarction (AMI) improves hospi- 
tal survival, but the mechanisms involved are un- 
clear. In a prospective, randomized placehbo-con- 
trolled trial, the influence of early intervention with 
low-dose aspirin (100 mg/day) on infarct.size and 
clinical outcome was studied in 100 consecutive pa- 
tients with first anterior wall AMI. Infarct size was 
calculated by cumulative lactate dehydrogenase re- 
lease in the first 72 hours after admission and was 
found to be (mean + standard deviation) 1,431 + 
782 U//iter in the aspirin group (n = 50) and 1,592 
+ 1,082 U/liter in the placebo group (n = 50, p = 
0.35). The study medication was given for 3 
months, during which mortality was 10 (20%) in 
the aspirin patients and 12 (24%) in the placebo 


patients (p = 0.65). However, reinfarction occurred 


in 2 patients (4%) in the aspirin group and in 9 
(18%) in the placebo group (p <0.03). 
Early intervention with low-dose aspirin 


showed, in comparison to placebo, a 10% decrease - 


of infarct size, but this difference was not statisti- 
cally significant. However, early low-dose aspirin 
effectively decreased the risk of reinfarction. 
Therefore, the favor able results of early aspirin on 
mortality in acute myocardial infarction are proba- 
bly due more to prevention of reinfarction than to 
decrease of infarct size. 

(Am J Cardiol 1990;66:267~-270) 
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remains to be established. The major shortcoming 

in the postinfarction trials with aspirin is that 
most of them included patients who had an acute myo- 
cardial infarction (AMI) up to 6 years before the trial. 
Aspirin therapy was started earlier after AMI in only 2 
trials. The first trial randomized patients within 1 week 
after AMI and showed a trend toward better survival 
with aspirin 900 mg/day.! These findings were con- 


T= role of aspirin after myocardial infarction 


. firmed by the results of the International Study of In- 


farct Survival trial-2, which showed that low-dose aspi- 
rin (160 mg/day) within 24 hours after symptom onset 
improves survival of patients with AMI, whether or not 
the patients received thrombolytic therapy.2 The mech- 
anisms by which early low-dose aspirin improves surviv- 
al in AMI have not been elucidated. Specifically, it is 
unknown whether aspirin decreases infarct size, im- 
proves left ventricular function or decreases thrombotic 
events. Experimental studies indicate that aspirin in- 


_ creases collateral blood flow after coronary occlusion.? 


The purpose of this prospective, randomized place- 
bo-controlled trial was to determine whether early inter- 
vention with low-dose aspirin (100 mg/day) in patients 
with first anterior wall AMI decreased infarct size or 
improved clinical outcome. 


METHODS 

Patients were eligible for entry if they had early 
(<12 hours) symptoms and electrocardiographic signs 
of first anterior wall AMI (ST-segment elevation of >2 
mm in the precordial leads in the absence of precordial 
Q waves) and no contraindications to aspirin (recent 
gastrointestinal ulceration). Within 12 hours after hos- 
pital admission, informed consent was obtained and pa- 
tients were then randomized to receive 1 capsule/day 
containing 100 mg acetylsalicylic acid or placebo. The 
first capsule, was given immediately after informed con- 
sent and the study medication was continued for 3 
months. Patient compliance was assessed by capsule 
counts. Further antithrombotic treatment consisted of 
heparin 5,000 U subcutaneously twice a day until com- 
plete mobilization. Standard coronary care was given to 
all patients.” Thrombolytic therapy was given only to 
patients <70 years of age who had symptoms for <4 
hours and no contraindications. Coronary artery bypass 
surgery or coronary angioplasty were performed for 
clinical indications only. Oral anticoagulants and open- 
label aspirin were not allowed ae the study period, 
unless indicated. 
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TABLE! Relevant Easeline Characteristics of Both Patient 
Groups 







Age (mean + SD, yr; 
Range (yr) 









Men (%) 72 76 
Previous infarction C4) 14 16 
Previous angina (%) 24 28 






interval lst symptom-Rx 
(mean + SD, min 


Rx = study medication; $23 = standard deviation. 


Infarct size was the primary endpoint of the trial. It 
was measured by zumulative serum-lactate dehydroge- 
nase release in th2 first 72 hours after admission and 
was calculated according to methods described earlier.® 
In brief, 5 ml samples of venous blood were obtained at 
admission every 12 hours for the first 2 days and daily 
for the following = days. The blood sample was allowed. 
to clot and the activities of lactate dehydrogenase in the 









serum were meastred. Hemolytic samples were discard- . 


ed and new samp-es were ordered. 

Clinical outcomes (death, reinfarction, unstable an- 
gina and revascularization) were secondary endpoints of 
this trial. Special attention was given to the recurrence 
of ischemic events. Unstable angina pectoris was de- 
fined as the occu-rence of anginal pain at rest or witt 
minimal physical activity with accompanying ST-seg- 
ment changes on electrocardiography and normal plas- 
ma levels of creatine kinase MB 6 hours later. Reinfarc- 
tion was diagnosed when anginal pain recurred togethe- 
with ST-segment changes or new Q waves or both, fol- 
lowed by significant increase in creatine kinase MB, 
creatine kinase, serum glutamine oxalate transferas: 
and lactate dehydrogenase to levels exceeding twice ths 
upper limit of namal levels. 

_ Analysis of the study endpoints was done according 
to the intention-to-treat principle. Statistical methods 
are given where applicable. 


RESULTS 

As planned, 100 patients entered the trial. Fifty pe- 
tients received 1C0 mg aspirin daily and 50 received plz- 
cebo. Their basene characteristics are listed in Table 1. 
There were no significant differences in relevant base- 
line data between the 2 patient groups. 

Three months of follow-up data are complete in all 
patients. Twenty-one patients (21%) died in-hospital 
and 1 patient died during the follow-up. Eleven patien:s 
(11%) sustainec recurrent myocardial infarction, gll 
during hospital stay. The reinfarctions occurred bz- 
tween days 3 and 27 after the index infarction. Unstatle 
angina pectoris vas diagnosed during hospital stay in 25 
patients (25%). The episodes of unstable angina were 
reported between day 3 and day 18 after the index in- 
farction. Revascularization procedures were performed 
infrequently and none were done within the first we2k 
after admission The study medication was withdrawn 
in patients who sustained reinfarction. In patients devel- 
oping postinfarction unstable angina, the study medica- 
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TABLE H Clinical Outcome in Both Patient Groups During 3 
Months Follow-Up 


Placebo 
(n = 50) 


Aspirin 
(n = 50) 
Mortality 
Reinfarction 


Unstable angina 
CABG /PTCA 


* pn <0.03, chi-square. 
CABG /PTCA = coronary artery bypass graft /percutaneous transluminal coronary 
angicplasty. 


tion was discontinuec. and replaced by open-label aspi- 
rin (100 mg/day). The study medication was not with- 
drawn, except for death, in any patient during the first 3 
days after admission. 

The clinical outcame of both patient groups is listed 
in Table II. Only the reinfarction rate was significantly 
decreased in patients receiving aspirin. None of the de- 
ceased reached other proven endpoints like unstable an- 
gina, reinfarction or revascularization. The 3 patients 
undergoing angioplasty or surgery had untractable post- 
infarction unstable angina pectoris, but no documented 
reinfarction. The 72-hour cumulative lactate dehydro- 
genase release (mean + standard deviation) for the in- 
dex infarction was 1,431 + 782 U/liter in the aspirin 
group versus 1,592 + 1,082 U/liter in the placebo 
group (Figure 1, p = 0.35). Thus, early intervention 
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FIGURE 1. Enzymatic infarct size (mean + standard deviation) 
measured as cumulative lactate dehydrogenase (LDH) release 

during 72 hours after admission in patients treated with early 
low-dose aspirin and placebo. 


with low-dose aspirin decreased the size of the index 
infarction by about 10%, but the difference with place- 
bo was not statisticelly significant. Eleven patients (6 on 
aspirin and 5 on placebo) had incomplete enzyme sam- 
pling because of early (<72 hours) death and were not 
analyzed in the infarct size calculations. 

Fifty patients (24 on aspirin and 26 on placebo) re- 
ceived thrombolytic therapy. Hospital mortality in this 
subset of patients was relatively low (4 patients [8%] of 
whom 2 received aspirin and 2 placebo). One reinfarc- 
tion occurred in the aspirin group versus 6 in the place- 
bo group (p = 0.06, chi-square). In the patients receiv- 
ing thrombolytic therapy, the 72-hour cumulative lac- 
tate dehydrogenase release was 1,390 + 701 U/liter in 
the aspirin group versus 1,600 + 699 U/liter in the con- 
trol group (Figure 2, difference not significant). In the 
patient group not receiving thrombolytic therapy, these 
values were 1,470 + 722 U/liter in the aspirin group 
and 1,580 + 803 L/liter in the placebo group (Figure 
2, difference not significant). Thus, thrombolytic thera- 
py, which was not randomized, did not appear to 
change the results of aspirin on infarct size. 

Beta blockers were given to 15 aspirin patients and 
17 placebo patients, calcium antagonists were given to 4 
and 2 patients, respectively, and 2 patients in both 
groups received the combination. Oral anticoagulants 
were not given to any patient in the trial, nor was open- 
label aspirin for indications other than unstable angina. 
Thus, in the placebo group, 11 patients (22%) received 
aspirin after an episode of unstable angina pectoris. 


FIGURE 2. Enzymatic infarct size (mean + 
standard deviation) measured as cumula- 
tive lactate dehydrogenase (LDH) release 
during 72 hours after admission in pa- 
tients treated with and without thrombo- 
lytic therapy and subsequently with early 
low-dose aspirin and placebo. 
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DISCUSSION — | 

In this study we showed that early intervention with 
low-dose aspirin does not seem to influence infarct size 
significantly. However, we cannot rule out that aspirin 
decreases infarct size by a mere 10%. If the trend ob- 
served in this trial really reflects a small effect, a sample . 
size of 2500 patients (250 with aspirin and 250 with 


' placebo) would have been necessary to achieve a signifi- 


cance level of p <0.05. It is doubtful whether such a 
small effect would have any effect on infarct survival. 

To the best of our knowledge, this is the first pro- 
spective study in humans on the influence of aspirin on 
infarct size. Experimental investigations indicated that 
in a model of AMI, high-dose aspirin (20 to 100 mg/ 
kg) increases collateral blood flow.2+ However, in these 
animals, aspirin was given 1 to 12 hours before coronary 
occlusion and, in our patients, about 4 hours after onset 
of symptoms. On the other hand, many individuals de- 
velop AMI while on aspirin for various reasons and the 
influence of aspirin pretreatment on the eventual infarct 
size is unknown. In The Physicians Health Study,’ 
which investigated the role of aspirin 160 mg/day in the 
primary prevention of myocardial infarction, infarct 
mortality was 5% in the aspirin group and 10% in the 
placebo group, suggesting some influence of aspirin pre- 
treatment on the natural course of AMI. 

Even in our small series of patients, early low-dose - 
aspirin decreased the reinfarction rate significantly, es- 
pecially in the patients undergoing thrombolytic thera- 


_ py. The latter finding is not new. We were the first to- 


(n24) 


ASPIRIN PLACEBO ASPIRIN PLACEBO 


THROMBOLYSIS NO THROMBOLYSIS 
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report this? and we showed that the decrease of re- 
infarction rate was achieved by prevention of coronary 
reocclusion. The much larger International Study of In- 
farct Survival trial-2 confirmed the favorable results of 
aspirin with respect to reinfarction.? Apparently, hospi- 
tal mortality of AMI ss not only due to the size of the 
initial infarction, bwt also to the occurrence of reinfarc- 
tion. Previous stucies showed that early intervention 
with 8 blockers decreases reinfarction? and hospital 
mortality.!° Therefsre, strategies to prevent early rein- 
farction might wel! improve survival of AMI. 

Early infarct extension does not seem to be signifi- 
cantly influenced t-y aspirin. For estimation of infarct 
size, we used the cumulative release of a slowly cleared 
enzyme like lactate dehydrogenase by the necrotic myo- 
cardium. If there vould have been any effect of aspirin 
on early infarct ex-ension, this would have appeared in 
the results. The me-hod used in this trial for the calcula- 
tion of infarct size has been validated in animals,!! cor- 
relates well with left ventricular function,®!? myocardial 
perfusion defects® end survival®!>:!4 and is insensitive to 
early coronary reperfusion by thrombolysis.!4 Neither 
infarct size nor left ventricular function was assessed in 
the large previous aspirin trials in AMI.!4 In our above 
mentioned reocclusion trial, we found a better left ven- 
tricular function af-er intravenous streptokinase with as- 
pirin than without. but this was highly correlated with 
the occurrence of reinfarction.’ 

Patients treated with intravenous streptokinase in 
this trial had a low mortality, but did not show smaller 
infarcts than patients not eligible for thrombolysis, who 
have, by definition, a high hospital mortality.!> One 
should realize that we randomized for aspirin, not for 
thrombolysis. Furtnermore, patients receiving thrombo- 
lysis in this trial were young (<70 years) and came in 
early (<4 hours of symptoms). As expected, they had a 
larger risk of reinfarction and this explains why aspirin 
provided an extra benefit in terms of reinfarction. 

In this study we included only patients with first an- 
terior AMI, because these patients have the largest in- 
farct size and thus the potential benefit of aspirin might 
be the greatest. Secondly, patients with first anterior 
AMI have the hignest incidence of unfavorable clinical 
outcome. This is well reflected in the high 3-month 
mortality (22%) ir this trial, which must be due to the 
entry criteria and the absence of an age limit. 

The optimal dcsage of aspirin as an antithrombotic 
agent is still unde: debate. The dose of 160 mg/day in 
the International Study of Infarct Survival trial-2 
proved to be effective and 100 mg/day decreases the 
incidence of occlusion of bypass grafts!® and reperfused 


A 
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coronary arteries. Furthermore, a single oral dose of 20 
mg aspirin decreases plasma thromboxane levels signifi- 
cantly within 5S minutes.!” It is unlixely that the dose of 
aspirin in this trial, though effective for the prevention 
of reinfarction, was tco low to influence infarct size. 
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- Beneficial Effect of Magnesium Sulfate 
in Acute Myocardial Infarction 


Michael Shechter, MD, Hanoch Hod, MD, Nila Marks, RN, Shlomo Behar, MD, 
Elieser Kaplinsky, MD, and Babeth Rabinowitz, MD 


The effects of magnesium on the incidence of 
arrhythmias and on mortality were evaluated in 
103 patients with documented acute myocardial 
infarction (AMI) in a randomized, double-blind, 
placebo-controlled study. Fifty patients received a 
magnesium infusion for 48 hours and 53 received 
only the vehicle (isotonic glucose) as placebo. The 
baseline characteristics of the population were sim- 
ilar in the 2 groups. Tachyarrhythmias requiring | 
drug therapy were recorded in 32% of the patients 
in the magnesium group and in 45% of the placebo 
group. Conduction disturbances were found in 23% 
of the placebo group as compared to 14% in the 
magnesium group. The intrahospital mortality was 
2% (1 patient) in the magnesium group, compared 
to 17% (9 patients) in the placebo group (p <0.01). 
No adverse effects were observed during and after 
the magnesium infusion. These data support a pos- 
sible protective role of magnesium in patients with 
AMI. 

(Am J Cardiol 1990;66:271-274) 
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ypomagnesemia was shown to be associated 
He cardiac arrhythmias,'-? sudden cardiac 
death from coronary artery disease!®!! and re- 
cently with increased mortality in acute myocardial in- 
farction (AMI).!? Furthermore, low levels of magne- 
sium were found in myocardial tissue obtained at nec- 
ropsy from patients with AMI.!3:!4 The disturbance in 
magnesium metabolism thus occurs during the acute 
phase of the AMI, where a high incidence of life-threat- 
ening arrhythmias and a high rate of mortality co-ex- 
ist.!214 The serum levels obtained in patients with 
AMI who survived were either low or normal.3.!5-!7 
While the metabolism of magnesium in AMI and 
the incidence of arrhythmias were the topics of interest 
in many studies,!-? only sporadic efforts were made to 
evaluate the therapeutic potential of magnesium admin- 
istration to high-risk patients. Rasmussen et al!? have 
shown a decrease in mortality and a decrease in the in- 
cidence of serious arrhythmias in AMI patients who re- 
ceived intravenous magnesium chloride ori hospital ad- 
mission. We therefore performed a placebo-controlled, 
double-blind study in 103 consecutive ‘patients with 
AMI who were randomized to either a magnesium infu- 
sion or to placebo for 48 hours. The incidence of ar- 
rhythmias and of congestive heart failure was recorded 
and intrahospital mortality determined. 


METHODS 

One-hundred fifteen consecutive patients hospital- 
ized with the admission diagnosis of AMI were random- 
ized to either magnesium or placebo groups as soon as 
possible after admission. Medication was thus started 
5.3 + 3.2 hours (+ standard deviation) after onset of 
pain. Fifty-nine patients received continuous magne- 
sium infusion for 48 hours and 56 received placebo (iso- 
tonic glucose). Of the 115 patients, 103 were eventually 
proven to have had a definite AMI according to symp- 
toms, electrocardiographic findings and serum enzymes 
elevation (all 3 criteria had to be present) and were fi- 
nally included in the study. Patients were excluded from 
randomization if circulatory shock or complete bundle 
branch block or advanced atrioventricular block were 
present on admission. The randomized patients did not 
receive prophylactic antiarrhythmic therapy. Thrombo- 
lytic therapy was not routinely available at the time of 
the study. The baseline characteristics of these patients 
are listed in Table I. - 

Chi-square test was used for statistical analysis. 

Study medication: The patients received 22 grams 
(91.6 mmol) of magnesium sulfate dissolved in 500 ml 
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of isotonic glucose during the first 48 hours, or placebo 
(500 mi of isotonic glucose). The infusion rate was ad- 
justed so that 6 grams of magnesium were given during 
the first 3 hours, 10 grams were given during zhe next 
21 hours and 6 grams were given during the last 24 
hours. The placeko group patients received equivalent 
volumes of 5% glucose. During the first 7 days, all 
patients were monitored electrocardiographically by 
trained coronary zare nurses. In addition, the patients’ 
rhythm was contnuously recorded by a computerized 
Holter system (COMPAS Cardiac Care Units, Inc.) 
for the first 48 tours. All arrhythmias were -ecorded 
and every hour a rhythm strip was obtained ard subse- 
quently evaluated by a physician. Blood samples for the 
determination of magnesium, calcium, potassicm, sodi- 
um, chloride, phcsphorus, whole blood count and cardi- 
ac enzymes were obtained on admission and every day 
for the first 5 days. Serum magnesium concentration 
was determined by atomic absorption spectropho- 
tometry./® 


RESULTS 

Fifty patients wita proven AMI received magnesium 
compared to 53 patients who received isotonic glucose 
(Table I). The 2 groups were similar in age (although 
there were more men in the placebo group than in the 
magnesium grou), in average time from onse- of chest 
pain to initiation of treatment, and in prevalence of risk 
factors (Table IL 

The initial levels of magnesium before the beginning 
of the study (Table II) were normal and there was no 
significant differznce between the 2 groups. As expect- 
ed, we found an increase in the serum magnesium con- 
centration in the samples taken from the patients of the 
magnesium grovp 24 hours after the beginning of the 
treatment and ths level decreased gradually after cessa- 
tion of the magszxestum infusion. The magnesium levels 
in the placeo group remained steady. In addition, we did 
not observe initial significant differences in the serum 
magnesium of survivors and nonsurvivors. There was 
also no difference in the serum levels of the cther elec- 
trolytes between patients who died or survived in the 2 
groups during tre study. No adverse effects of the intra- 
venous magnesium administration were observed. 

Clinical course and mortality: Relevant clinical data 
are listed in Tate II. Twenty-four patients (45%) from 
the placebo groip had arrhythmias requiring therapy, 
compared to ony 16 patients (32%) in the magnesium 


TABLE I Study PopuBtion 


Total no. of patients 


Age (yrs + SD) 


Men 


Age (yrs + SD) 


Women . 


Age (yrs + SD) 
Time from pain to treatmant (hours + SD) 


Placebo 
(%) 


53 
63411 
39 (74) 
62+12 
14 (26) 
6547 
5443.0 


Magnesium 
(%) 


50 

64+ 10 
29 (58) 
6248 
21 (42) 
652413 
9.3+3.3 


Systemic hypertension (ty history) 15 (28) 23 (46)* 
Diabetes mellitus 11 (21) 10 (20) 
Hyperlipidemia (by histor’) 6(11) 2 (4) 
Cigarette smokers (>20 day) 18 (34) 15 (30) 
Angina pectoris 15 (28) 12 (24) 
Previous AMI 11 (21) 6(12) 
Previous diuretic treatment 4(8) 7 (14) 
Anterior (Q wave) myccacdial infarction 15(28.3) 25(50) 


* 5 =0.06 
AMI = acute myocardial infection; SD = standard deviation. 





group (p = 0.19). Twelve patients (23%) who received 
placebo had conduction disturbances during the study, 
compared to 7 patients (14%) wko received magnesium 
(p = 0.24). There was no difference in the number of 
patients with congestive heart failure during the study 
in both groups. The difference in mortality between the 
2 groups, 17% in the placebo group compared to 2% in 
the magnesium group, reached a statistically significant 
level (p = 0.01). Dering the hospital course, 10 patients 
died, of whom 9 reczived placebo and 1 received magne- 
sium. Three patients (61 to 85 years old) who received 
placebo died from electromechanical dissociation be- 
tween days 1 to 8 and 6 patients (64 to 76 years old) 
died from cardiogeric shock between days 1 to 4. In the 
magnesium group, | patient (76 years old) died from 
cardiogenic shock 01 day 7. History of previous myocar- 
dial infarction was obtained in 2 of 9 placebo patients 
who died. 


DISCUSSION 

Arrhythmias of all kinds were observed in 24 of 53 
(45%) patients receiving placebc and in 16 of 50 (32%) 
patients receiving magnesium (p = 0.19). During AMI, 
the incidence of conduction disturbances and of conges- 
tive heart failure vas basically similar in the 2 groups 
(Table III). The striking finding in our study was 
the higher mortality in the placebo group (9 deaths vs 
only 1 in the magnesium group). While the difference 


TABLE Il Mean Serum Magnesium Concentrations in All 103 AMI Patients (Mean + Stardard Deviation) 


acebo Group 


All Patients Survivors 


Magnesium Group 


Nonsurvivors® All Patients 1 Nonsurvivor 


1.96 +0.17 
1.98 +0.16 
2.04 + 0.24 
2.11 40.22 
2.10 +0.18 


1.97 +015 
1.974015 
2.02 +024 
2.104022 
2.114017 
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1.97 +0.15 
2.00 +0.15 
2.14 +0.15 
2.20 +0.17 
2.18 +0.30 


2.06 +0.33 
3.35 + 0.60 
3.01 = 0.68 
2.39 + 0.56 
2.25 +0.56 


* The numbe-s were 3 patents on day 1, 6 patients on days 2, 3 and 4, and 4 patients on day 5; ? before starting the stucy medication. 





TABLE IH Incidence of Arrhythmias (All Types*), Conduction 
Disturbances, Heart Failure and Mortality in 103 Patients with 
Acute Myocardial Infarction 


Placeko 
(%) 


53 (109) 
24 (45) 
12 (23% 
13 (26; 13 (28) 
9(17) 1 (27 


* Severe arrhythmias were ventricular tachycardia, ventricular fibrillation and ven- 
tricular premature beats Lown grade 2 to 5; t p <0.01. 


Magnesium 
(%) 


50 (100) 
16 (32) 
7 (14) 


Total no. of patients 
Severe arrhythmias 
Conduction disturbances 
Heart failure 

Hospital mortality 


reached statistical significance, the relatively small 
number of patients (103 in both groups) does not totally 
preclude a possible bias. Thus, there were 21% of pa- 
tients with previous AMI in the placebo group, com- 
pared to 12% in the magnesium group. On the other 
hand, there was a slight excess of systemic hypertensive 
patients in the magnesium group, as well as more wom- 
en and more patients with anterior wall AMI, a slight 
bias that might have adversely affected the magnesium 
group. ' 

Rasmussen et al!* reported mortality of 7% in pa- 
tients with AMI who received magnesium compared to 
19% of the placebo group. The randomization process, 
however, was slightly biased favorably toward the mag- 
nesium group in their data. Our data strongly support 
the trend described by Rasmussen et al.'2 

Careful evaluation of the mode of death revealed 
that most of the mortality in the placebo patients was 
due to cardiogenic shock or sudden electromechanical 
dissociation (possible rupture of the left ventricle). The 
absence of arrhythmic death and the small difference in 
the incidence of arrhythmia between the groups is not 
surprising as proper antiarrhythmias therapy was 
promptly initiated whenever indicated. Thus, the major 
difference in mortality was due solely to hemodynamic 
factors and we would not support the theory that the 
favorable effect of intravenous magnesium therapy in 
AMI is directly related to its antiarrhythmic ef- 
fect.!2,19.20 Although the intravenous administration of 
magnesium sulfate probably prevents postinfarction hy- 
pomagnesemia, we could not document an initial hypo- 
magnesemia (Table II) and thus predict the need for 
magnesium supplementation. Nevertheless, necropsy 
studies!3!4 have shown low levels of magnesium in the 
infarcted tissue, although the tissue content of magne- 
sium did not always correlate with the serum level.?!.22 
For this reason, studies carried out on lymphocyte levels 
of magnesium in AMI might be of practical inter- 
est.22:23 The mechanism of the protective effect of mag- 
nesium, therefore, could not be elucidated ‘by our data. 
A possible myocardial protection, however, must be pos- 
tulated to explain such a favorable effect on survival in 
AMI. Several studies have shown possible mechanisms 
for the cardioprotective effects of magnesium. Thus, 
magnesium supplementation has been found to decrease 
the size of myocardial infarction,** decrease platelet ag- 





gregation,~°-2’ decrease basal tension of the arterioles, 
decrease peripheral vascular resistance and increase cor- 
onary vasodilatation.” Magnesium is also a calcium an- 
tagonist, possibly due to its structural similarity as a 
divalent cation.??° It remains unclear whether the car- 
dioprotective effect of magnesium supplementation in 
patients with AMI is due to a correction of a hypomag- 
nesemic state or to the increase of magnesium to above 
normal levels. Either way, a rapid intravenous adminis- 
tration could have a cardioprotective effect, decrease 
the myocardial injury and therefore improve immediate 
survival. . 

This study was completed before the routine initia- 
tion of thrombolytic therapy in our cardiac care unit. 
However, in respect to its potential for decreasing the 
immediate mortality from AMI, it appears that this in- 
expensive, safe and simple therapy should be considered 
as yet another tool in protecting patients with AMI. 
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Effect of Dipyridamole at the Usual Oral Dose 
on Exercise-Induced Myocardial Ischemia 
in Stable Angina Pectoris | 


Tsuneo Tsuya, MD, Michio Okada, MD, Hiroo Horie. MD, and Kyozo Ishikawa, MD 


A randomized, double-blind, placebo-controlled 


study was performed to investigate the effect of 
dipyridamole at a usual oral dose of 150 mg/day on 
18 patients with angina pectoris and positive tread- 
mill exercise electrocardiography. After their angi- 


_ na pectoris was stabilized in phase 1, the patients 
` were randomly assigned to sequence group A or B. 


Group A received a placebo 3 times daily in phase 
2 and then 50 mg cf dipyridamole 3 times daily in 
phase 3. Group B received the treatment in the re- . 
verse order. The degree of ST depression and the ~ 
threshold for angina pectoris in treadmill exercise 
electrocardiography, which was performed on the 
last days of phases 2 and 3, were compared. The 
mean duration of exercise was 5 minutes and 23 
seconds during dipyridamole and 5.minutes and 13 
seconds during placebo administration, with no sig- 


nificant difference. Dipyridamole caused an aggra- | 


vating effect on the ST change (earlier appearance 

of ST depression and/or deeper tetal sum of ST de- 
pression at the end of the exercise) in 3 patients, a 

salutary effect in 5 and no effect in 10. Dipyrida- _ 
mole decreased the threshold for angina pectoris in 
5 patients, increased it in 6 and did not change it in 
7. To summarize, dipyridamole showed adverse ef- 


fects (aggravative effects on the ST change and/or | 


on the threshold for angina pectoris) in 6 patients, 
beneficial effects in 3 and no effect in 4. A usual 
oral dose of dipyridamole induced myocardial isch- 
emia during exercise in some patients while it im- 


_ proved it in a similar number of patients.. 


(Am J Cardiol 1990;66:275-278) 
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to prevent coronary events significantly in pa- 

tients with coronary artery disease.! In Japan, 
this drug is usually administered orally at a dose of 150 
mg/day to patients with angina pectoris. However, as 
illustrated by its intravenous administration in stress 
testing for ischemic heart disease, a large dose of dipy- 
ridamole has been shown to induce myocardial ischemia 


D ipyridamole, an antiplatelet agent, is reported 


. in patients with coronary artery disease by dilating re- 
_sistance vessels.? To clarify whether or not dipyridamole 


at an oral dose of 150 mg/day induces myocardial isch- 
emia in angina patients, we carried out the following 


| double-blind study. 


METHODS 

The study group comprised 18 patients with typical 
stable effort angina who exhibited horizontal or down- 
sloping ST depression of 20.1 mV on treadmill exer- 
cise electrocardiography. Of these patients, 4 had post- 
myocardial infarction angina and 5 showed stabilization 
of the. condition after admission with unstable angina. 
The study group was made up of 13 men and 5 women 
with a mean age of 62 years (range 43 to 72). All pa- 
tients received calcium | antagonists, 6 blockers or 
nitrates. 

This crossover study was double-blind, placebo-con- 
trolled and randomized. The experimental protocol ex- 
tended over 4 to 6 weeks and was divided into 3 phases, 
as shown in Figure 1. In phase 1 (2 to 4 weeks), 18 
patients underwent a complete clinical evaluation en- 
compassing their history, physical examinations, elec- 


. trocardiography and treadmill exercise tests. After their 


angina pectoris had been completely stabilized with 
antianginal agents, the patients were randomly assigned 
to sequence group A or B. Group A received a placebo 
3 times daily during phase 2 and then 50 mg dipyrida- 
mole (Persantine®, Nippon Boehringer Co.) 3 times dai- 
ly during phase 3. Group B received the same treatment 
in the reverse order. The medications given at phase 1 
were not changed during phases 2 and 3. All patients 
were permitted to use sublingual nitroglycerin tablets 
for anginal attacks, but no other medications were 
added. 

Treadmill exercise tests were carried out using a 
computer-assisted treadmill system (Fukuda Denshi 
Co.) on the last days of phases 2 and 3. The exercise 
tests in both phases were performed at the same time in 
the afternoon using the Bruce protocol. The endpoint of 
the exercise was taken as the appearance of strong sub- 
jective symptoms or a marked ST depression, attain- 
ment of the predicted maximal heart rate for the pa- 
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tient’s age or the Jevelopment of dyspnea or leg fatigue 
that prevented cantinuation of the exercise. In exer- 
cise electrocardic2zraphy, 15 beats were averaged for 
the records from leads I, II, aVF, Vj, Vs and Vg tc 
eliminate the effe>ts of physical movements on the elec- 
trocardiography. The time until the appearance of ST 
depression of 20 1 mV in any of the 6 leads and the 
total sum of the ST depression (2 ST) in thes= 6 leads 
at the endpoint cf exercise were compared. When the 
duration of exerzise differed by 21 minute between 
phases 2 and 3, & ST was compared at the endpoint of 
the shorter exercSe duration. Changes in the time unt 
the appearance of ST depression by 21 minute and 
those in 2 ST of 20.15 mV between the 2 phases were 
regarded as significant and each change was evaluated 
as an improvement or deterioration. Changes m the ar- 
ginal symptoms curing the exercise electrocardiography 
were Classified into the 3 categories of no symptoms, 
chest oppression and chest pain in the order cf mild to 
severe and the time of their appearance and their seve-- 
ity were studied. Changes in the time until the appea-- 
ance of symptoms by 21 minute and those in the seve~- 
ity of symptoms by 21 category at the end of the exe-- 
cise were regarded as significant. The condition wes 
considered to heve deteriorated or improved when at 
>=1 of these indexes revealed deterioration or improv2- 
ment as compared with the placebo phase. Corona-y 
angiography wa: performed in all 18 patients within 1 
month before ard after the study and the results were 
evaluated accorcing to the American Heart Association 
criteria. Stenosis of 275% was regarded as significart. 


RESULTS 

Table I lists the results of the treadmill exercise test 
in all patients. The mean duration of exercise was 5 
minutes and 23 seconds during dipyridamole admin_s- 
tration and 5 minutes and 13 seconds during placeso 
administration, with no significant difference. The mean 
time at onset of ischemic ST-segment depression of =1 
mm in any lead was 2 minutes and 58 seconds + 1 
minute and 2 seconds during dipyridamole administra- 
tion and 2 minates and 50 seconds + 1 minute anc 4 
seconds during placebo administration, with no sign-fi- 
cant difference. However, ST depression was observed 
in dipyridamole administration sooner than during pia- 
cebo administretion by =1 minute in 2 cases and lazer 
by 21 minute :n 2 cases. The total sum of the ST de- 


. pression (2 ST) at maximum loading was 5.8 + 2.0 


PHASE I PHASE I 


: Group A PLACEBO 
Stabilizatian . 
of symptoms 


o 


Group B Dipyridamole 
50 mg tid. 


2-4 weeks 
Double-blind 
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mm during dipyridamole administration and 6.4 + 2.4 
mm during placebo administration, with no significant 
difference in the mean value, but it increased in 3 cases 
and decreased in 5 zases during dipyridamole adminis- ` 
tration as compared with placebo administration. The 
double product at this time was 17 X 10° + 4 X 103 
mm Hg rate/min during dipyridamole administration 
and 16 X 10? + 3 X 10° mm Hg -ate/min during place- 
bo administration, with no significant difference. Thus, 
the changes in ST depression in exercise electrocardiog- 
raphy were greater during dipyridamole administration 
in 4 cases and during placebo administration in 5 cases. 
The symptoms of angina pectoris deteriorated (ap- 
peared sooner or were of stronger severity) in 5 patients 
and improved in 6 patients during dipyridamole admin- 
istration as compared with placebo administration. To 
summarize, dipyridamole exerted adverse effects on the 
induction of myocardial ischemia during exercise in 6 
patients (3 in group A and 3 in group B), beneficial 
effects in 8 patients (4 in group A and 4 in group B) 
and no effect in 4 patients (3 in group A and 1 in group 
B). 

Coronary angiography revealed 3-vessel disease in 6 
patients, 2-vessel disease in 3 pétients and 1-vessel dis- 
ease in 9 patients. Among the 6 patients in whom dipy- 
ridamole promoted the development of ischemia, 3-ves- 
sel disease was observed in 3 (50%), 2-vessel disease in 1 
(17%) and 1-vessel disease in 2 (33%), but in the 8 pa- 
tients where dipyridamole prevented ischemia, 3 (38%) 
had 3-vessel disease and 5 (62%) had 1-vessel disease; 
there was no clear difference in the number of vessels 
involved between the 2 groups. 


DISCUSSION 

Dipyridamole is known to aggravate the symptoms 
of angina pectoris occasionally, but, to our knowledge, 
there have been no reports suggesting that usual oral 
doses of dipyridamole may have adverse effects in a 
considerable percentage of patients, as indicated in this . 
study. The clinical effects of dipyridamole on angina 
pectoris were examined by sevzral investigators before 
1970, but the agent was found io be effective by some,’ 
while no benefit could be shown by others.* In a Persan- 
tine-aspirin reinfarction study, in which the antiplatelet 
effect of dipyridamole was eveluated, no difference in 
the frequency of symptoms such as chest pain was ob- 
served between the treated and untreated groups.! More 
recently, Loeb et al? found that a single oral administra- 


FIGURE 1. Study design. 


TABLE I Results of Study 
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Double 
Product 
Time at at End 
Onset of ST = ST (mm) at of Ex Change Diameter Stenosis of 
Exercise Time Depression End of Ex (x 108) of Coronary Artery (%) 
AP Only ST Depres- Angina 
After MI Dip Dip Dip Dip sion of Ex Pectoris Right LAD 
1 60,M + 2 min 49s 3min7s lmin31s lminls 10.0 8.5 16 17 D D 100 99 99 + 
2 7LF 0 6minOs 6min7s 3min6s 3min23s 4.5 3.0 12 12 D D 99 90 90 + 
3 64,M 0 2min 37s 3minds 3min6s 4min 54s 5.0 4.5 22 20 D D 75 99 99 0 
4 54,M + 6 min 50s 6min28s lmin6s 5minlgs 6.0 3.5 12 13 D 0 0 90 0 0 
5 69,M 0 7mini3s 7 min25s 3min 23s 3minOs 5.0 5.5 18 19 0 D 50 99 0 0 
6 56,M 0 4min49s 6minOs 3min19s 2min22s5 6.5 7.5 17 17 0 D 90 75 0 + 
7 61,F 0 6minils 5min6s 3min5s 3min6s 8.0 10.0 22 21 | 0 Q 75 0 0 
8 43,M 0 12minQs 8 min 32s Smin3ls 4min23s 6.5 10.5 19 16 | | 0 75 0 0 
9 63,F 0 3min 585 3min13s 2 min 265 i min 47s 5.0 7.5 17 17 | 0 75 90 75 0 
10 67,M + 7 min 43s 8 min 42s 2min21s 2minl5s 4.5 75 21 18 | 100 90 99 + 
il 59,M 0 6min 45s 5min0s 4min 48s 2min57s 3.0 5.0 16 22 | | 0 100 0 + 
12 59,M 0 6min 36s 6min29s 2min 52s 2minis 5.0 5.5 21 20 0 l 90 50 0 + 
13 67,M 0 4min18s 4min 10s l min 24s 1 min31 s 7.5 8.5 15 16 0 | 100 0 0 + 
14 71,M + 4minils Amin30s 2min13s 2min3/7s 6.0 6.5 12 1] 0 | 100 99 90 + 
15 54,M 0 4 min 30s Amin36s lmin59s 2min 53s 9.5 10.0 13 15 Q 0 0 Q 99 + 
16 72,F Q 3mins 2min 23s 2min4s Imin45s 5.5 5.5 22 15 0 0 0 99 0 + 
17 56,M 0 3min 23s 5min 13s 3min 16s 3min 13s 1.5 2.5 12 10 0 0 50 99 100 + 
18 64,F 0 4min9s Aminds 2min 35s 2 min 37s 4.5 45 17 17 0 0 0 100 0 + 
Mean 62 5min 23s 5mini3s 2min 58s 2min 50s 5.8 6.4 17 16 
SD 7 2minl4s 1 min47 s lmin2s imin4s 2.0 24 4 3 
AP = angina pectoris; C = collateral; D = deterioration; Dip = dipyridamole; Double praciict = systolic blood pressure (mm H x lear Lrate/min); Ex = treadmill exercise; | = improvement; LAD = left anterior descending artery; LC = left circumflex 


artery: MI = myocardial infarction: P = placebo; SD = standard deviation; X ST = total sum of ST depression in 6 leads (1, ll, aVe, Vi. Vs. Vo). 





tion of 150 mg disyridamole did not affect the =hreshold 
of anginal symptoms in an atrial pacing study.* Our re- 
sults are considered different from these earlier reports, 
because we examined the effects of dipyridamole ac- 
cording to the improvement or deterioration of ST de- 
pression anc anginal symptoms during treadmill exer- 
cise tests rather taan by statistical analysis of changes in 
the frequency o? attacks or changes in the tolerance 
against exercise. 

Dipyridamole dilates the coronary artere and in- 
creases coronary blcod flow. However, this agent, which 
dilates resistance vessels instead of conductan<e vessels, 
has been experimentally proven to induce myocardial 
ischemia by the following mechanism. An increase in 
flow of the stenctic artery causes a greater pressure de- 
crease across the stenosis, resulting in a decrease in the 
coronary driving pressure. This decrease in dr.ving pres- 
sure is not accompanied by a decrease in resistance of 
the subendocardial vessels since the latter are already 
maximally dilated. This causes a decrease in the suben- 
docardial blood flow. When the stenosed ertery pro- 
vides collatzrals to the ischemic region, a decrease in the 
collateral driving pressure leads to aggravation of isch- 
emia.’ Clinical, Gould et al? showed that irtravenous- 
ly administered. dipyridamole at a dose of 0.142 mg/kg 
induced ischemia in the presence of coronary stenosis 
also in humans.* However, the blood concentration of 
dipyridamole ater oral administration of 150 mg/day 
(0.8 to 1.4 ug ‘ml)® is about one-fourth of that after 
intravenous administration of 0.142 mg/kg (4.6 + 1.3 
ug/ml)? The strength of the coronary dilator effect of 
dipyridamole gt this concentration and whzther it in- 
duces or Drevents myocardial ischemia remain to be 
clarified. However, the coronary lesions among individ- 
ual cases are extremely diverse and oral administration 
of dipyridamols at 150 mg/day may promote myocardi- 
al ischemia in some patients, but prevent it in others. 

This study rad several limitations. First, the number 
of patients in the study was small and patients with se- 
vere angina accounted for a relatively high percentage. 
Therefore, whether these patients were representative of 
the anginal population to which dipyridamcle is admin- 
istered in Japan is questionable and the results are not 
conclusive. Haweve-, for the purposes of this prelimi- 
nary study aimed at evaluating the effects of oral ad- 
ministration o° 150 g/day dipyridamole ir. anginal pa- 
tients, the number of patients was considered appropri- 
ate. Second, since administration of antianginal drugs 
other than d.pyridamole was maintained during the 
study, their possible effects on the results cannot be ig- 
nored. Admiristration of these antianginal drugs could 
not be suspercied, because anginal attacks had just dis- 
appeared or become stabilized under these treatments. 
Nevertheless, considering the fact that dipyridamole is 
seldom used alone in anginal patients, examination of 
its effects during concomitant administrazion of other 
drugs may be truer to the conditions of its actual use. 


278 THE AMERICAN JOURNAL OF CARDIOLOGY . VOLUME 66 


Third, according to the protocol af this study, both dipy- 
ridamole and placebo were administered only for | 
week. This was because of the following reasons: long- 
standing administration of a drug that might have ad- 
verse effects on angina pectoris was considered undesir- 
able in a double-blind trial; and short-term administra- 
tion was considered to suffice for producing changes in 
the results of the exercise test, :f not the frequency of 
attacks. We considered that the blood level of dipyrida- 
mole would be stabilized after 1-week oral administra- 
tion and that the drug would be sufficiently washed out 
during the 1-week withdrawal. Fourth, we evaluated the 
effects of dipyridamole according to the changes in ST 
on exercise electrocardiography and anginal symptoms 
during the exercise test. The validity of our assumption 
that changes in ST of =1.5 mm and in the time of the 
onset of anginal symptoms by 21 minute are significant 
must be tested further. Although the effects of day-to- 
day variations cannot be excluded, dipyridamole at a 
daily dose of about 150 mg appears to produce both 
beneficial and adverse effects, depending on the individ- 
ual case, and, in order to evaluate such effects, this pro- 
tocol is considered to be needed. 

The results of this study were not conclusive as to 
whether dipyridamole is beneficial or harmful for angi- 
na patients. However, based on the finding that dipyrid- 
amole induced myocardial ischemia during the tread- 
mill exercise test in many pazients while it improved 
myocardial blood flow in a similar number of patients, 
the drug should be used carefully in patients considered 
to have severe coronary stenosis, closely monitoring its 
effects on the ST changes and symptoms during the 
treadmill exercise test. More detailed studies involving a 
larger series of patients need to be undertaken for fur- 
ther evaluation of this problem. 
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Reduction of Myocardial Ischemia During 
Percutaneous Transluminal Coronary 
Angioplasty with Oxygenated Fluosol® 


Kenneth M. Kent, MD, Michael W. Cleman, MD, Michael J. Cowley, MD, 
Mervyn B. Forman, MD, C. Carl Jaffe, MD, Marvin Kaplan, MD, 
spencer B. King Ill, MD, Mitchell W. Krucoff, MD, Thomas Lassar, MD, 
Bruce McAuley, MD, Rafael Smith, MD, Charlene Wisdom, PhD, 
and Daniel Wohigelernter, MD 


The effects of perfusion of an oxygen-carrying 
perfluorochemical emulsion (Flucsof®) in alleviating 
symptoms of myocardial ischemia during balloon 
occlusion were examined in a multicenter trial of 
245 patients. Severe anginal pain occurred less fre- 
quently in patients receiving Fluosol perfusion 
(21%) than in those receiving routine angioplasty 
(34%) (p <0.05). ST-segment changes at balloon 
deflation in routine angioplasty patients were sig- 
nificantly greater than in patients who received ox- 
ygenated Fluosol perfusion (2.2 + 1.2 vs 1.7 + 0.9 
mm; p <0.03). Profound regional wall dysfunction 
(-561 + 224 U) was observed in routine angio- 
plasty patients by 2-dimensional echocardiography. 
Patients receiving oxygenated Fluoso! perfusion, 
however, maintained near baseline levels of ventric- 
ular function (—61 + 335 U) during occlusion (p 
<0.0001): Mean global left ventricular ejection 
fraction was preserved at baseline levels during 
balloon inflation in patients perfused with oxygen- 
ated Fluoso! but decreased significantly (p <0.001) 
during occlusion in routine angioplasty patients. A 
total of 26 complications (19 routine group; 7 per-. 
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fusion group) was reported. Adverse responses to 
the perfusate were infrequent, occurring in 1.6 and 
2.0% of patients after the test dose and during 
perfusion, respectively. Thus, transcatheter perfu- 
sion with an oxygen-carrying perfluorochemical 
emulsion is effective in alleviating myocardial isch- 
emia during angioplasty and can be safely adminis- 
tered in this patient population. 

(Am J Cardiol 1990;66:279-284) 


transluminal coronary angioplasty (PTCA) inter- 
rupts coronary blood flow, resulting in myocardi- 
al ischemia.!-* For short balloon inflations; the physio- 
logic effects of ischemia, ventricular dysfunction, elec- 
trical instability and chest pain may be clinically 
tolerable because they usually resolve rapidly after bal- 


B= inflation accompanying percutaneous 


loon deflation. However, patients with limited contrac- 


tile reserve because of previous myocardial infarction or 
with large regions of myocardium jeopardized by 
PTCA of proximal sites may experience marked hemo- 
dynamic and electrical instability during balloon occlu- 


sion.* Further, prolonged balloon inflations may in- 


crease the effectiveness of PTCA,’ when balloon infla- 
tion leads to poor angiographic results and inadequate 
restoration of flow after balloon deflation; however, re- 
peated or prolonged inflations may produce some func- 
tional impairment, which is only slowly reversible.® The 
perfluorochemical emulsion Fluosol® (20% intravascu- 
lar perfluorochemical emulsion, Alpha Therapeutic 
Corp.) is an acellular fluid with high oxygen-carrying 
capacity, a viscosity. approximately half that of whole 
blood and a small particle size (0.270 um).” Perfusion 
of this emulsion through the central lumen of the bal- 
loon catheter into the distal coronary bed permits pres- 
ervation of adequate tissue oxygenation and ameliorates 
deleterious effects of ischemia.®-!° The purpose of this 
study was to extend these initial clinical observations to 
a larger population in this multicenter trial to evaluate 
the ability of oxygenated Fluosol perfusion during bal- 
loon occlusion to mitigate intraprocedural ischemia. 


METHODS 
Study design: The study was a randomized, double- 
blind multicenter trial with 10 participating hospitals, 
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located at the University of California at Los Ange- 
les, Mount Sinai/University of Wisconsin, St. V-ncent, 
Georgetown University, Sequoia Hospital, Vanderbilt 
University, Medical Callege of Virginia, Yale-New Ha- 
ven Hospital, Veterans Administration Medical Center 
and Emory University. Patients were randomizec to re- 
ceive either routine PTCA with no perfusion Df any 
agent or PTCA wrih transcatheter coronary pe-fusion 
of oxygenated Fluosol at 60 ml/min distal to the inflat- 
ed balloon. Patients were randomized before the PTCA 
procedure after informed consent was obtained. During 
all procedures, the infusion pump was loaded with oxy- 
genated Fluosol and connected to the lumen of the bal- 
loon catheter. Neither the patient nor the pkysician 
knew whether the mfusion pump was turned on. Only 1 
stenosis/patient wes treated under study conditions, al- 
though additional lesions may have been dilated during 
a given patient’s procedure. The lesion treaiec under 
study conditions was that which was felt to jeopardize 
flow to the largest amount of myocardium. Patients 
randomized to the treatment group underwent a2 initial 
inflation without perfusion to provide baseline electro- 
cardiographic measurement and 2-dimensional echocar- 
diographic functional assessment. 

Patient populaiion: Patients were >18 years of age, 
undergoing elective ccronary angioplasty with reversible 
myocardial ischemia due to single or multivessel coro- 
nary artery disease involving the left anterior descend- 
ing, right or circumfkx artery. Exclusion criteria were 
angiographically visible collaterals, lesions involving a 
major side branch, a severe lesion distal to the treated 
lesion that could prevent adequate perfusion, pregnancy, 
dialysis, liver diseese, a stenosis of a bypass conduit, re- 
cent myocardial mfarction, congestive heart failure or 
left bundle branch block. Studies were undertaken after 
approval of the human research review committee at 
each respective institution. Patients were withdrawr 
from the trial if their procedures required use of a bal- 
loon catheter without a central lumen adequate for per- 
fusion. 

Perfusate: Fluoscl was oxygenated to a pO, of >600 
mm Hg by bubtling with a gas mixture of $5% oxy- 
gen/5% carbon dioxide at approximately 2 līters/mim 
for at least 30 minutes. The fluid was warmed to 37°C 
before administration. Oxygenated Fluosol was per- 
fused through the central lumen of the balloon catheter 
with the guidewire in place into the coronary artery dis- 
tal to the balloon occlusion at 60 ml/min using a Med- 
Rad Mark IV injector (MedRad Inc.) with the warn- 
ing mantle in place to maintain perfusate temperature: 

Before angiography, a test dose of 0.5 ml of Fluoscl 
or saline was administered intravenously to patients 
randomized to receive Fluosol perfusion and routire 
PTCA, respectively. Vital signs and subjective responses 
were monitored for 10 minutes. 

Angioplasty procedure: Angioplasty was performed 
using USCI (C. R. Bard, Inc.) or Advanced Cardiova;- 
cular Systems, Inc. balloon catheters through which 
pressure gradierts could be measured with the guid:- 
wire (usually 0.014 inches) in place, of 2.0 to 4.0 mm 
diameter, with 3.0 mm used most frequently in boh 
groups. The catheters used varied during the time peri- 
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od of the study, from 1985 to 1987 (e.g., Delta, Profile 
Plus, LPS). 

Electrocardiograph: Electrocardiographic data were 
recorded for each patient on a continuous 3-channel 
Holter monitoring system (Scole Engineering Co.) dur- 
ing the procedure using a Vs, aVF and modified V, ra- 
diolucent bipolar lead system.!! Tapes were analyzed at 
a central site (Georgetown) using a Marquette 8000 
Holter playback computer digitielly interfaced to a 
DEC PDP 11/24 minicomputer (Digital Equipment 
Corp.). Mean ST-segment deviation, measured 60 ms 
beyond the J point, was analyzed at 10-second intervals 
in the lead showing maximal ST-segment deviation. 
The magnitude of ST-segment deviation from baseline 
at balloon deflation in all patients who manifested ST- 
segment change with the nonperfused inflation, the rate 
of ischemia evolution (ST level divided by time) during 
early (first 30 seconds) and late (last 30 seconds before 
deflation) balloon inf_ation and the rate of ST recovery 
to baseline after deflation were examined during infla- 
tions 2, 3 and 4. Nonsustained (<9 beats/run) and sus- 
tained (29 beats/run) ventricular ectopy were also 
monitored. 

Twelve-lead electrocardiograms were obtained at 
baseline and 1 day after the procedure. The presencé or 
absence of ventricular premature contractions, Q-waves, 
T-wave or ST-segment changes and conduction defects 
were assessed. 

Anginal pain: Petients were asked to grade their 
chest discomfort during angioplasty on a scale of 0 to 9. 
The time from balloon inflation to onset of angina, du- 
ration of angina and the intensity of pain (0 to 9 scale) 
at 30, 60 and 90 seconds during balloon inflation were 
recorded. For analysis, pain was classified as mild (1 to 
3), moderaté (4 to 6) or severe (7 to 9). Data from 
inflations 2, 3 and 4 were used for analyses. 

Quantitative 2-dimensional echocardiography: Con- 
tinuous 2-dimensional echocardiographic studies..ac- 
quired simultaneously with balloon inflation were ana- 
lyzed for a subset o? 24 patients (11 routine;.13 perfu- 
sion) with predominantly left anterior descending artery 
lesions (92%) from 4 clinical sites using standard Hew- 
lett-Packard 2-dimensional echocardiographic equip- 
ment. Either apical long-axis or 4-chamber views were 
used to evaluate the anteroseptal and anteroapical left 
ventricular walls. Quantitative analysis was performed 
in the core laboratory (Yale University), without knowl- 
édge of the treatment by a previously described method 
of Bolson et ál.!? The chord shortening patterns for 23 
beats established baseline mean shortening (+2 stan- 
dard deviations) during the preischemic state. Normal- 
ized chord shortening units would be positive during 
normal contraction but become minimal or negative 
during akinesis or dyskinesis. During the balloon infla- 
tion period, the area of excursion of chord shortening 
outside the +2 standard deviations range provided a sin- 
gle overall value encompassing both the severity and ex- 
tent of ventricular dysfunction during balloon occlusion. 

Myocardial wall dysfunctior was expressed as the 
area of dysfunction (summed chord shortening area 
from the beginning of dysfunction until balloon defla- 
tion, expressed in chord shortening area-time units, out- 


TABLE I Patient Cr aracteristics 


Routine Treatment 
(n = 106) (n = 99) 



















p Value 








Age (yrs) 58+ 10 57+10 NS 
Sex (% male) 72 75 NS 
Stable angina (%) 59 58 NS 
Duration (mos) 9+13 12419 NS 


Angina class (CHA) 






Hypertension (%) 


Diabetes mellitus (%) 11 11 NS 
Cigarette smoking (%) 63 66 NS 
Prior AMI (%) 31 35 NS 
Prior CABG (%) 5 6 NS 
Prior PTCA (%) 19 14 NS 
Multivessel CAD (%) 50 38 NS 
PTCA artery (%) 

LAD 57 50 NS 

Right 26 27 NS 

Left circumflex 18 23 NS 


Mean % stenosis (diameter) 





AMI = acute myocardial infarction; CABG = coronary artery bypass graft; CAD = 
coronary artery disease; CHA = Canadian Heart Association; LAD = left anterior 
descending coronary artery; NS = not significant; PTCA = percutaneous transluminal 
coronary angioplasty. 


side the +2 standard deviations range defined during 
the preischemic baseline) and peak dysfunction (maxi- 
mum level of dysfunction below the —2 standard devi- 
ations level during balloon inflation, expressed as chord 
shortening area units). Peak dysfunction, as a negative 
value, indicates the extent and severity of myocardial 
hypokinesis or dyskinesis. Temporal variables assessed 
were: the time to onset of dysfunction (time from bal- 
loon inflation until the beginning of sustained wall dys- 
function outside the normal +2 standard deviations re- 
gion); time to recovery (time from balloon deflation un- 
til the return of ventricular function within the +2 
standard deviations baseline levels); and time to peak 
dysfunction (the time from balloon inflation until peak 
dysfunction). 

Global left ventricular ejection fraction was calculat- 
ed from 2-dimensional echocardiographic data at base- 
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FIGURE 1. Severity of anginal pain during balloon inflation in 
patients treated with routine angioplasty and angioplasty 
during transcatheter perfusion of oxygenated Fluosol. 


TABLE Il Intraprocedural Electrocardiographic Findings 


Routine Treatment 
(n= 59) (n = 36) 










p Value 








ST level at deflation (mm) 2.2+1.2 1.7+0.9 

Early ST change (mm/s) 0.044 +0.025 0.0434C0.026 NS 
Late ST change (mm/s) 0.031 +0.021 0.01940.023 0.01 
Time to 1 mm change (s) 3617 37417 NS 
Time to recovery (s) 59436 47 +25 0.03 





Values are expressad as mean + standard deviation. Early ST change is the rate of 
ST-segment evolution during the first 30 seconds of balloon inflation. Late ST change 
is the rate of ST-segment evolution after 30 seconds of balloon in‘lation and before 
deflation. 

NS = not significant. 


line and at 45 seconds of balloon occlusion using the 
single-plane area-length calculation methods of Sandler 
and Dodge.!? 

Statistical analysis: Statistical significance (p 
<0.05) for the ST-segment and 2-dimensional echocar- 
diographic variables was determined with the 2-sided £ 
test. Analysis of pain (severe/not severe) was performed 
using the Pearson chi-square test. For comparisons of 
demographics and safety variables, a separate £ test was 
used for continuous variables and the Pearson chi- 
square test (1-tail) was used for categorical variables. 


RESULTS 

Study population: Of the 245 patients entered into 
the study, 118 were randomized to receive routine angi- 
oplasty and 127 to receive treatment with oxygenated 
Fluosol perfusion during angioplasty. Forty patients (14 
routine; 26 Fluosol PTCA) were withdrawn from the 
study before assigned treatment. Nineteen had signifi- 
cant angiographic changes between screening and the 
procedure (10 routine, 9 Fluosol), e.g., development of 
collaterals, insignificant stenoses or new occlusive dis- 
ease requiring bypass surgery. In 11 patients the nar- 
rowing could not be crossed (2 routine, 9 Fluosol), and 
in 6 patients, a catheter suitable for perfusion of Fluosol 
could not be passed across the stenosis (1 routine, 5 
Fluosol). In 3 patients, the protocol was cancelled or not 
completed. Three patients were withdrawn because of 
adverse responses to the Fluosol test dose (2 patients) or 
to Fluosol perfusion (1 patient) and 1 patient was with- 
drawn because of scheduling (excessive time delay). 
Two patients randomized to receive Fluosol did not get 
perfusion and were crossed over to the routine group. 
The final efficacy analysis included 106 patients (104 
randomized plus 2 crossovers) who underwent routine 
angioplasty and 99 patients (101 randomized minus 2 
crossovers) who received Fluosol infusion. Baseline clin- 
ical profiles of patients randomized to both study groups 
were similar (Table J). 

Procedural variables: Multiple inflations were per- 
formed in each patient, and duration ranged from 10 to 
250 seconds, with the mean (+ standard deviation) for 
routine patients (71.0 + 24.6 seconds) not differing 
from that for perfusion patients (72.4 + 27.7 seconds). 
Perfusion rates were 1.1 to 3.0 ml/kg of material. 

Electrocardiographic results: All 3 channels were 
felt to be important and were not of satisfactory quality 
in some patients. Standardized, stable baseline low noise 
recordings were available in 59 of 106 patients assigned 
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to routine PTCA end 36 of 92 patients who received 
Fluosol. Tapes wer: lost because >1 channel was not 
satisfactory for ana-ysis, bundle branch block devzloped 
and tapes were los: in transit. Baseline characteristics 
and procedural outcome in the patients in whom ST- 
segment recordings were and were not obtained were 
not different. ST-segment changes during balloor. infla- 
tion were observec in both study groups (Tatle II). 
However, at deflation, the mean ST-segment level was 
significantly less ir. patients with perfusion. Over the 
first 30 seconds of inflation, ST-segment caanges 
evolved at a similar rate in both groups. Howevez, after 
30 seconds of infla-ion, the rate of evolution of ST-seg- 
ment changes was significantly slower with perfusion 
than routine. The time to recovery to baseline levels af- 
ter balloon deflaticn was shorter in Fluosol patients. 

Anginal pain: he proportion of patients re>orting 
severe pain was 34% in patients randomized to routine 
angioplasty in contrast with only 21% (p <0.05} in pa- 
tients treated with Fluosol (Figure 1). 

Two-dimensional echocardiographic data: In pa- 
tients randomized :o routine nonperfused angioplasty, a 
reproducible pattecn of profound left ventricular dys- 
function was observed in all patients studied, as well as 
decreased regional ventricular chord shortening (Table 
ITI). In contrast, regional wall function was preserved at 
or near baseline levels throughout balloon inflation in 
patients receiving =luosol perfusion, and maximum dys- 
function was greater in routine than Fluosol ratients. 
Figure 2 shows exemples of the regional dysfunction ob- 
served during ballcon occlusion in a routine patient and 
in a patient with Fluosol perfusion. Six of the 13 pa- 
tients perfused wi-h Fluosol exhibited no regional ven- 
tricular dysfunction during balloon inflation with the 
overall regional wall function remaining at or above 
baseline levels. 

During balloor inflation, global left ventricu_ar ejec- 
tion fraction in reutine patients declined signi‘icantly, 
but remained at baseline in Fluosol patients (Figure 3). 


Chord Shortening Area Units 


80 
Time (seconds) 
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TABLE Ill Two-Dimensbnal Echocardiography 


Treatment 
(n= 13) 


Routine 


(n= 11) p Value 


—61 +4335 

—48 + 59 
11 31 
37431 
29418 


-561 +224 
—155 445 
SES 
36412 
48425 


Area of dysfunction 

Peak dysfunction 

Time to dysfunction (s) 
Time to peak dysfunction (s. 
Time to recovery (s) 


Values are expressed as mean = standard deviation. Area of dysfunction expressed 
in chord shortening area time umts; lars dysfunction expressed in chord shortening 
area units. Data available are fa- 7 Fluosol-percutaneous transluminal coronary 
angioplasty patients for temporakvariables. 

NS = not significant. 


Clinical outcome: The clinical cohort was composed 
of 204 patients. The angiographic diameter of the steno- 
sis was reduced from 82 + 13 to 24 + 16% in patients 
undergoing routine angioplasty and from 79 + 13 to 19 
+ 14% in patients receiving Fluoscl (difference not sig- 
nificant). A total of 19 complicat.ons was reported in 
the routine treatment group; 7 occurred in the Fluosol 
perfusion group (TabE IV). One patient, randomized to 
routine angioplasty, ded of cardiac arrest during angio- 
plasty. Adverse experiences related to Fluosol adminis- 
tration were uncommon and mild; 2 patients (1.6%) ex- 
perienced low back pain after the Fluosol test dose and 
2 patients (2%) experienced complications during Fluo- 
sol perfusion. One patient experienced ventricular fibril- 
lation requiring carcidconversion, possibly due to Fluo- 
sol perfusion at room temperature. A second patient ex- 
perienced hypotension, dyspnea and chest pain asso- 
ciated with balloon malfunction from attempts to per- 
fuse through a cathetzr that could not accommodate the 
perfusion rate. Increased pressure on the vessel wall 
may have affected the response. Both patients recovered 
successfully without ong-term residual effects. 

_Intraprocedural Holter recordings, 12-lead electro- 
cardiograms and crzatine kinase values obtained at 
baseline, immediatelr after angioplasty and at 8, 16 and 


Perfusion 


FIGURE 2. Comparison of the time course 
of negional left veatricular function during 
baboon occlusion in a routine angioplasty 
patient and a patient treated with oxygen- 
ated Fluosol perfusion. Arrows indicate 
ba-oon deflation. 








TABLE IV Procedural Complications . 


Routine Treatment 


No. % No. % ` pValue 






Abrupt reclosure 4 38 0 0.0 NS 
Emergency CABG 1 09 1 10 NS 
Myocardial infarction 2 19 1 1.0 NS 
Arrhythmia requiring therapy 2 19 2 2.0 NS 
Arrhythmia not requiring therapy 1 09 O 00 NS 
Dissection with occlusion 2 19 0 0.0 NS 
Spasm requiring therapy 2 19 0 0.0 NS 
Coronary embolism 0 00 1 1.0 NS 
Prolonged angina 2 19 1 1.0 NS 
Hypotension 2 19 0 0.0 NS 
Ventricular fibrillation O 00 1 10 NS 
Death 1 09 0 0.0 NS 
Total 19 7 


24 hours after the procedure showed no significant dif- 
ferences between the 2 study groups. 


DISCUSSION 

Reliet of intraprocedural ischemia: This study dem- 
onstrates that perfusion of oxygenated Fluosol into the 
vessel supplying the ischemic myocerdium during bal- 
loon occlusions of PTCA mitigates the consequences of 
the regional myocardial ischemia incurred during the 
procedure. This was manifested by a significant reduc- 
tion in electrocardiographic and functional parameters 
of ischemia. Intracoronary administration of Fluosol at 
a perfusion flow rate of 60 ml/min in total volumes of 
<500 ml was well tolerated in this patient population. 

The preservation of ventricular function during 
Fluosol perfusion has been confirmed in other studies. 
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FIGURE 3. Global left ventricular ejection fraction in routine 
angioplasty patients and patients treated with oxygenated 
Fluosol perfusion at baseline and after 45 seconds of balloon 
occlusion. NS = not significant. 


CABG = coronary artery bypass graft surgery; NS = notsignificant. 


Cleman et al? reported preservation of regional chord 
shortening after 60 seconds of balloon occlusion with 
oxygenated Fluosol perfusion compared to nonperfused 
occlusion. Similarly, preservation of global ejection frac- 
tion with oxygenated Fluosol perfusion was comparable 
to routine nonperfused inflations where ejection fraction 
decreased from a baseline of 57 + 15 to 36 + 14% at 45 
seconds of occlusion (p <0.0005).!0 

Similar results have been reported using animal 
models. Virmani et al!4 demonstrated that perfusion 
of oxygenated Fluosol improved fractional shortening 
compared to perfusion with oxygenated Ringer’s lactate 
solution or with no perfusion. In a similar study using 2- 
dimensional echocardiography, Tokioka et al!> found 
that ventricular function was improved during perfusion 
with Fluosol compared to unprotected inflations. 

Because of its high oxygen-carrying capacity, perfu- 
sion of the ischemic region with oxygenated Fluosol pre- 
vents severe tissue hypoxia. Rude et al!® demonstrated 
an increase in intramyocardial oxygen tension with in- 
travenous administration of Fluosol during ventilation 
with 100% oxygen. In another canine model, with perfu- 
sion with oxygenated Fluosol at 50 ml/min, there was 
lactate production in the early reperfusion phase, al- 
though levels were less than those observed during rou- 
tine unprotected occlusions.!° The failure to preserve 
lactate metabolism at preocclusion levels may reflect in- 
complete protection in this model. However, differences 
in the hyperemic state after perfused and nonperfused 
inflations may affect lactate mobilization and subse- 
quent measurement. The metabolite washout effects of 
perfusion alone do not account for the preservation of 
myocardial function by oxygenated Fluosol. Perfusion 
with oxygenated Ringer’s lactate solution or with un- 
oxygenated Fluosol failed to preserve mechanical func- 
tion during balloon occlusion in angioplasty patients.!° 

Effect of perfusion on ST-segment changes: Ander- 
son et al® reported a significant reduction of ST-seg- 
ment response to balloon occlusion during oxygenated 
Fluosol perfusion compared to Ringer’s lactate solution 
perfusion. In the current study, the similarity of ST- 
segment evolution rates during the first 30 seconds of 
balloon inflation in routine and perfused patients sug- 
gests that transcatheter perfusion may itself affect 
the electrical pattern of the myocardium in the absence 
of ischemia. The effects of transcatheter perfusion 
alone were examined in animals subjected to open ar- 
tery (no balloon occlusion) perfusion (3 ml/kg/min) of 
oxygenated Fluosol and nonoxygenated Ringer’s lactate 
solution. Significant ST-segment elevation mimicking 
ischemia was observed during perfusion with either per- 
fluorochemical or electrolyte solutions; however, region- 
al left ventricular function remained normal during per- 
fusion. In contrast, during unprotected occlusion, both 
significant ST-segment elevation and myocardial dys- 
function were observed.'4 In the current study, the rate 
of ST-segment elevation in patients receiving Fluosol 
perfusion decreased markedly after 30 seconds of infla- 
tion. 

Safety of administration: A single incidence of ven- 
tricular fibrillation occurred when Fluosol was perfused 
at room temperature. Transcatheter administration of 
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fluids should be only with fluids at or near 37°. Ander- 
son et alë reported that the rate of pulmonar” artery 
wedge pressure change during transcatheter p2rfusion 
was significantly lower during Fluosol administration 
than during Ringer’s lactate solution perfusion. 

Role of Fluosal perfusion in angioplasty: [ne relief 
of the myocardia! ischemia resulting from balloon oc- 
clusion during coronary angioplasty Fluosol perfusion 
may expand the indication for the angioplasty proce- 
dure. Recent studies have suggested that prolonged bal- 
loon inflation times result in higher primary success 
rates, and longer >alloon inflation times may’al3o favor- 
ably affect the recurrence rate. Prolongation o= balloor 
inflation times using Fluosol may permit examination oT 
this hypothesis. fore importantly, increasing numbers 
of patients with substantial regions of myocardium az 
risk or limited coronary reserve are undergoing treat- 
ment with angicplasty. Administration of oxygenated 
Fluosol, by allev-ating intraprocedural ischemic effects 
and increasing p-ocedural safety, may be an important 
adjunctive therapy in these cases. 
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Outcome Following Emergency Coronary Artery 
Bypass Grafting for Failed Elective Balloon 
Coronary Angioplasty in Patients with 
Prior Coronary Bypass 
Joel K. Kahn, MD, Barry D. Rutherford, MD, David R. McConahay, MD, 


Warren L. Johnson, MD, Lee V. Giorgi, MD, Thomas M. Shimshak, MD, 
and Geoffrey O. Hartzler, MD 


To assess frequency and outcome of emergency 


coronary artery bypass grafting (CABG) for failed 
coronary angioplasty in patients with prior CABG, 
2,136 elective angioplasty procedures in prior 
CABG patients were reviewed over a 10-year peri- 
od. Emergency surgical revascularization was re- 
quired in 19 patients (0.9%) with prior CABG, 
compared with 130 of 6,974 patients (1.9%) with- 
out prior CABG (p = 0.001). The interval from the 
most recent CABG to the failed coronary angio- 
plasty was 6.8 years (range 1 to 16). Referral for 
emergency CABG was made on the basis of an 
acute closure not responding to repeat dilatation in 
12 native coronary arteries and in 7 saphenous 
vein grafts. Severe hemodynamic instability after 
acute closure required the placement of an intra- . 
aortic balloon pump in 3 patients, including 2 who 
required cardiopulmonary resuscitation. A total of 
34 saphenous vein grafts and 1 internal mammary 
artery graft were placed emergently. Three pa- 
tients with high-risk features (3 prior CABG opera- 
tions in 1 patient, single remaining vessel to heart 
in 2 patients) could not be weaned from cardiopul- 
monary bypass. The remaining 16 patients were 
discharged after a mean hospital stay of 16 days. 
Four patients developed new Q waves after CABG. 
At follow-up (mean 52 months, range 3 to 99), 1 
patient died late from an acute myocardial infarc- 
tion. The 15 survivors had no or mild angina and 
were free of further CABG. Thus, emergency 
CABG after failed angioplasty in patients with prior 
CABG is required infrequently. In patients without 
extreme high-risk features, emergency repeat 
CABG can be accomplished with good hospital and 
long-term results. | 

(Am J Cardiol 1990;66:285-288) 
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after coronary artery bypass grafting (CABG). Over 

time, however, native and graft coronary artery dis- 
ease progresses, leading to the return of angina in many 
patients.!:? Repeat surgical revascularization is associ- 
ated with increased operative morbidity and mortality 
in most series.>~° In contrast, percutaneous transluminal 
coronary angioplasty is usually associated with low pro- 
cedural risks and high success rates in patients with pri- 
or CABG.’-!! However, acute occlusion and subsequent 
ischemic complications after angioplasty may occur in 
patients with prior CABG in a manner similar to pa- 
tients with native coronary artery disease.'* The charac- 
teristics and outcome of patients requiring emergency 
CABG for failed native vessel coronary angioplasty 
have been reported.!3-23 This report describes the fre- 
quency, characteristics and outcome of patients requir- 
ing emergency repeat CABG for failed elective coro- 
nary angioplasty over a 10-year period. 


| I: most patients, ischemic symptoms are relieved 


METHODS 

Patient selection: From 1980 through 1989, 10,000 
procedures were performed by our group at the Mid 
America Heart Institute, including 2,224 in patients 
with prior CABG (22%). Excluding 88 patients with 
prior CABG treated with coronary angioplasty for an 
acute myocardial infarction, 2,136 CABG patients form 
the study group of elective coronary angioplasty. Failed 
coronary angioplasty requiring emergency CABG was 
defined as the occurrence of an acute ischemic compli- 
cation during the coronary angioplasty procedure lead- 
ing to the immediate transfer of the patient to the oper- 
ating room. Patients with unsuccessful but uncomplicat- 
ed coronary angioplasty referred for elective CABG 
later in their hospital stay were not included in this 
analysis. 

Angioplasty protocol: Patients received 10,000 U of 
heparin in the catheterization laboratory. An additional 
5,000 U of heparin were given for every hour of the 
angioplasty procedure. Unless contraindicated, routine 
premedications consisted of 325 mg aspirin 3 times dai- 
ly, 75 mg dipyridamole 3 times daily, 5 mg isosorbide 
dinitrate sublingually, 75 mg lidocaine intravenously, 5 
mg verapamil intravenously and 500 cc dextran intra- 
venously. Standard angioplasty guides, catheters and 
guidewires were used. Gradual balloon inflations were 
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used with balloon sizes selected to be comparable to the 
target vessel. Afte> identification of an intimal dissec- 
tion, prolonged in-lations with balloon catheters of a 
similar or slightly arger size were generally attempted 
to repair the dissecticn. Autoperfusion catheters were 
not available in our early experience, and their use was 
determined by the individual operator. 

Definitions: Significant coronary artery disease was 
defined as a stenosis of the luminal diameter of a major 
epicardial coronar, artery or a bypass graft of 70% or 
more. Anginal status was classified according to the 
New York Heart Association. Periprocedural mvocardi- 
al infarction was onsidered “definite” after the devel- 
opment of new significant Q waves (240 ms duration) 
on the electrocardogram, and “probable” after an ele- 
vation of creatine kinase enzymes 2500 IU/ml with 
10% or more MB isoenzymes in the absence of new Q 
waves. A patient was designated as having only a single 
remaining vessel to the heart when all bypass grafts and. 
native coronary a-:teries were occluded proximelly with 
the exception of I remaining arterial conduit supplying 
all viable myocardium. 

Follow-up: Hcspital records and subsequent clinical 
contacts were reviewed for each patient. All surviving 
patients were interviewed by a physician anc, in the 
event of death, the next of kin were contacted 

Statistics: Results are reported as the mean + I 
standard deviatian. Categorical variables were com- 
pared using Fisher’s exact test. A p value <0.05 was 
considered significant. 


RESULTS 

Clinical characteristics: During the study period, 19 
of 2,136 (0.9%) patients with prior CABG were re- 
ferred for emergency repeat CABG. During the sams 
period 130 of 5,974 (1.9%) patients without pricr 
CABG undergo_ng elective coronary angioplasty re- 
quired emergency CABG (p = 0.001). The frequency 
of referral of pa-ients with prior CABG for emergency 
surgery is listed year by year in Table I. The clinical 
characteristics o the patients are listed in chronological 
order of referral for emergency CABG in Table I. 
Their mean age was 61 years (range 50 to 78) and 16 
were men. A sinzle prior CABG had been performed in 
16 patients, 2 prior CABGs in 2 patients ard 3 prior 
CABGs in 1 patient. Two patients had preexisting left 
internal mammary artery grafts. The interval from the 
most recent CABG to the failed coronary angioplas-y 
was 6.8 years (range 1 to 16). Angina symptoms wece 
class II in 1 patient, class HI in 5 patients and class IV 
in 13 patients. The number of diseased vessels present 
was 2 in 3 patients and 3 in 16 patients. A prior myo- 
cardial infarction had occurred in 11 patients. Tre 
mean left ventricular ejection fraction before coronary 
angioplasty was 54% (25 to 78%) and was <40% in 4 
patients. Before coronary angioplasty, 4 patients were 
judged to be ve-y poor surgical candidates dus to muki- 
ple prior CABGs (1 patient), only a single conduit sup- 
plying the myocardium (2 patients) and severely de- 
pressed ventricular function (1 patient). 
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TABLE I Referral for Emergent Bypass Surgery for Failed 
Elective Angioplasty in Fatients with Prior Coronary Artery 
Bypass Grafting, 1980 to 1989 


Elective 
PTCA 
After Postoperative 


Death 


Emergency 
CABG 


Q 
1 
2 
3 
4 
2 
2 
2 
Q 
3 


CABG = coronary artery bypass grafting: PTCA = >ercutaneous transluminal coro- 
nary angioplasty. 


Angioplasty results: In 16 patients acute closure of 
a major vessel occurred in the catheterization laborato- 
ry associated with pain and electrocardiographic evi- 
dence of a current of injury. In 3 additional patients 
severe chest pain occurred either in the postprocedural 
observation area or on a ward. These patients were ini- 
tially transferred to the catheterization laboratory for 
attempted stabilization of the dissected vessel but were 
then referred directly to the operating room. In 12 pa- 
tients the acutely closed vessel was a native coronary 
artery that was never bypassed cr had complete occlu- 
sion of the corresponding bypass graft, and in 7 patients 
it was a saphenous vein graft (6 body, | distal anasto- 
mosis). In 3 patients an intraaortic balloon pump was 
placed for severe hemodynamic instability (patients 3, 7 
and 12) before transfer to the operating room. Two pa- 
tients required cardiopulmonary resuscitation during 
transfer (patients 7 and 12). Anterograde coronary per- 
fusion was maintained during transfer with continuous 
manual perfusion of blood throuzh the balloon catheter 
in 1 patient and wizh an autoperfusion balloon catheter 
in an additional patient. 

Surgical and hospital results: A total of 34 saphe- 
nous vein grafts ard 1 internal mammary artery graft 
weré placed emergently in the 19 patients. Three pa- 
tients (patients 3, 7 and 12) could not be weaned from 
cardiopulmonary bypass and died in the operating 
room. All 3 patients were amcng those judged to be 
very poor surgica! candidates due to multiple prior 
CABGs in 1 and only a single conduit to the heart in 
the 2 others. Thre2 additional patients required an in- 
traaortic balloon pump to assist in weaning from cardio- 
pulmonary bypass and 3 required brief pressor support. 
Postoperative recoveries were zenerally uneventful in 
the 16 survivors with the exception of 1 patient (patient 
14) who developed an acute respiratory distress syn- 
drome, sepsis and disseminated intravascular coagula- 
tion postoperatively, eventually requiring bilateral am- 
putations at the ankle. The average length of hospital 
stay was 16 days. Serial electrocardiograms demon- 
strated new Q waves indicating “definite” periproce- 


Age (yrs) Angi ' Prior 
& Sex Z Mi 


++00 


0 
0 
+ 
+ 
+ 
+ 
0 
+4. 
0 
+ 
"e 
0 


CABG = coronary artery bypass grafting; COPD = chronic obstructive pulmonary disease; CVA = cerebrovascular accident; DM = diabetes mellitus; LAD = 


Other 
Disease 


Length 
of Stay 
(days) 


Vessel 
Closure 


Hospital 
Death 


+000 
| oo 


SVG-Right 
SVG-LAD 
SVG-Right 


Sono oo co 7 OOO sS 
COO+0+4+90/ 9000 


left anterior 


descending artery; LC = left circumflex; LM = left main; LVEF = left ventricular ejection fraction; Ml = myocardial injarction; SH = systemic hypertension; SVG = saphenous vein 


graft: + = present; 0 = absent. 


dural myocardial infarctions in 4 patients. In an addi- 
tional 4 patients elevations in creatine kinase levels were 
demonstrated without new Q waves, suggesting “proba- 
ble” periprocedural infarctions. No patients were treat- 
ed for congestive failure before discharge. 

Late follow-up: The late outcome of all hospital sur- 
vivors was available for analysis at a mean of 52 months 
(3 to 99 months). One patient (patient 12) died of an 
acute myocardial infarction 38 months after surgery. Of 
the 15 surviving patients, 10 reported no angina and 5 
reported mild symptoms with ordinary activities. Six 
patients required coronary angioplasty to graft lesions 
from 4 to 88 months postoperatively. No subsequent 
CABGs were performed. No additional myocardial i in- 
farctions occurred. 


DISCUSSION 
The results of this study from e single experienced 
group of interventional cardiologists demonstrate that 
emergency repeat CABG after failed elective coronary 
angioplasty is very uncommon. Rates of emergency 
CABG were actually lower in prior CABG patients 
than in patients without prior CABG, indicating that 
they are not a high-risk group. The in-hospital survival 
rate was good, and all 3 patients who died in the operat- 
ing room had high-risk characteristics that were identi- 
fied before angioplasty. The other patients tolerated the 
ischemic insult relatively well. Evidence for periproce- 
dural infarction was infrequent and did not result in 
congestive symptoms. Finally, long-term outcome was 
excellent, with most patients surviving with little or no 
angina. ) 
Killen et al!4 reported 286 patients requiring emer- 
gent or elective CABG after coronary angioplasty be- 





tween 1980 and 1984, including 42 patients with prior 
CABG. These patients were referred from the 2 cardiol- 
ogy groups at our institution. In 115 patients, symptoms 
necessitated immediate transfer to surgery. Nine pa- 
tients in the present report were included among those 
115 patients. In the total group of 286 patients, 30-day 
mortality was 6.3%. Predictors of operative death in the 
combined group of elective and emergent procedures in- 
cluded emergency operation, prior CABG, multivessel 
coronary artery disease and preoperative cardiogenic 
shock. !4 

In this series, over half of the closures after coronary 
angioplasty occurred in native coronary arteries that 
were never bypassed or had occluded saphenous vein 
grafts. The 7 saphenous vein grafts that were involved 
closed due to intimal dissections, and graft embolization 
was not a factor. Prolonged inflations with autoperfus- 
ion catheters, and intravascular stents, laser balloon an- 
gioplasty and -atherectomy all show promise for the 
emergent stabilization of significant intimal dissec- 
tions.24-26 For patients in whom these new technologies 
fail or where they are not available, perfusion catheters 
permit stabilization of many patients en route to sur- 
gery.24278 Although these devices were used infre- 
quently in this series because they only became avail- 
able recently, their use in patients with prior CABG will 
likely reduce the need for emergency surgery”® and the 


incidence of Q-wave infarctions,” and permit greater 


use of the internal mammary artery.” Currently, our 
management of acute closure in patients with and with- 
out prior CABG includes prolonged inflations with 
standard or autoperfusion balloon catheters as attempts 
to tack down the intimal flap. If this fails, consideration 
is given to directional atherectomy.” This approach is 
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commonly limited by anatomic considerations prohibit- 
ing delivery oi the bulky cutter in the current device. If 
emergency CABC is necessary, patients are transferred 
to the operating reom with an autoperfusion catheter in 
place. 

Patients with prior CABG have been considered po- 
tential candidate: for routine supported angioplasty 
based on concerns about the possibility of acute closure 
and emergency surgery. The results of this study indi- 
cate that the routine use of supported coronary angio- 
plasty is not necessary in patients with prior CABG. 
However, in selec-ed patients with prior CABG and ad- 
ditional high-risk features such as severely dzpressed 
ventricular finction or requiring dilatations of the only 
remaining circula-ion to the heart, use of support witk 
an intraaortic baLoon pump or cardiopulmonary bypass 
merits consideraton.*?7° 

The current study has several limitations. Althougr 
this report descrites an unselected series of patients, it is 
retrospective and spans a period of major changes ir 
coronary angioplisty technology and experience. The 
use of auxiliary d-vices, such as autoperfusion catheters. 
was not uniform- The indications for referral to emer- 
gency CABC were not established by protocol and bias- 
es in patient selection cannot be excluded. Finally, the 
small number of Datients does not permit idenification 
of clinical or angiographic factors predicting the need 
for emergency reeat CABG. 
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infarction, the role of tricuspid regurgitation (TR) 
and left ventricular (LV) damage and the response 
to treatment of low cardiac output, 20 patients 
were prospectively studied. Volume infusion in- 
creased cardiac output only slightly (11%, p 
<0.001), despite a dramatic increase in ventricular 
filling pressures. Dobutamine (4 ue-ke~!-min™') 
markedly increased cardiac output (24%, p 
<0.001) with a decrease in ventricular filling pres- 
sures. In the 5 patients with TR, dobutamine only — 
modestly increased cardiac output (9 vs 26%, p 
<0.001), while stroke index and LV end-diastolic 
dimensions decreased in comparison (—5 vs 33% 
and —6 vs 9%, respectively, p <0.001). In the ab- 
sence of TR (n = 15), there was no significant dif- 
ference in response to volume expansion between 
patients with normal (n = 7) and depressed LV 
ejection fraction (n = 8). In contrast, dobutamine, in 
patients with depressed LV function, induced a 
greater increase in cardiac output (38 vs 17%, p 
<0.01) and RV ejection fraction (36 vs 12%, p 
<0.05). All patients with RV infarction-induced low 
cardiac output responded only modestly to volume 
loading. Dobutamine is particularly efficacious in — 
patients without TR who have depressed LV func- 
tion by improving RV function and, consequently, 
LV preload. In the 5 patients with TR, increasing 
RV contractility failed to improve the forward 
stroke volume by increasing the regurgitant 
fraction. . 

(Am J Cardiol 1990;66:289-295) 
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complicate up to 25% of cases of acute inferior 
transmural left ventricular (LV) myocardial in- 
farction. Significant hemodynamic alterations may be 
present in up to 10% of these patients.! Tricuspid regur- 
gitation (TR) in this setting has not been well studied. 
Clinical recognition of TR is difficult in association with 


= Rè ventricular (RV) myocardial infarction may 


` a low cardiac output, although it has been recently re- 


ported to occur in up to 35% of patients with RV infarc- 
tion. The magnitude of LV dysfunction contributes to 


"the spectrum of hemodynamic changes.’ Regardless of 


LV damage, LV filling pressures remain low because of 
depressed RV output and thereby may go unrecognized, 
Direct evaluation is therefore necessary. In evaluating 
possible treatment strategies, consideration must be giv- 


-en to the degree of LV dysfunction. In this study, we 
examined the RV response to volume loading and grad- 


ual inotropic support in patients with low cardiac output 
and RV infarction, using a rapid computerized thermo- 
dilution method to assess RV performance at the bed- 
side. Simultaneous radionuclide angiograms were used 
to stratify patients according to LV involvement. 


METHODS 

- Patients: Over a rere period, 20 consecutive pa- 
tients (13 men, 7 women, mean age of 59 years, range 
38 to 75) with RV infarction and low cardiac output 
within 48 hours of the onset of symptoms were prospec- 
tively studied. Four patients had a history of nontrans- 
mural myocardial infarction and 8 had prior hyperten- 


sion. Criteria for. diagnosis of RV infarction were the 
. following: symptoms consistent with prolonged ischemic 


chest pain; ST-segment. elevation followed by the ap- 
pearance of pathologic Q waves of =0.04 second in du- 
ration in leads II, III, aVF, V3R and V4R; elevation of 
total and MB creatine kinase serum levels; and scinti- 
graphic evidence of both depressed RV ejection fraction 
(<0.40) and regional wall motion abnormalities.4 Low 
cardiac. output syndrome was associated with signs of 
peripheral hypoperfusion, mental status changes and 


‘urinary output <25 ml/min. — 


_ Patients with mechanical complications (acute mi- 
tral regurgitation, ventricular septal defect, tamponade 
or cardiac rupture) and hemodynamically significant - . 
arrhythmia were excluded from the study. Patients. with ` 
evidence of prior pulmonary, valvular, pericardial, con- 
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genital or myocardial disease were also excluded. Pa- 
tients all reczived initially cautious volume expansion. 
Fifteen of the patients were studied before the thrombo- 
lytic era and the remaining 5 either had specific contra- 
indications o- were admitted belatedly. This study was. 
approved by the ethics committee of our institttion anc 
informed consent was obtained from patients or fami- 
lies. 

Hemodynamic and thermodilution measurement= 
A quadruple-lumen, pulmonary artery catheter (model 
93A-431H-7.5F, American Edwards Laboratories) 
equipped wich a fast-response thermistor (95 ms) was 
inserted. Cardiac output and RV ejection fraction werz 
measured by a previously described’ and recently im- 
proved® thermodilution technique (REF1 prctotype 2, 
Edwards Laborazories) using an average of 3 serial de- 
terminations. Heart rate and systemic arteria- pressure 
(cuff sphygmomanameter) were recorded. 

Radionuclide measurements: DATA ACQUISITION: 
Thirty minutes before beginning the scintigrarhic study, 
15 mg of stannous pyrophosphate was given intra- 
venously. Multigated blood-pool imaging was done 10 
minutes after injection of technetium-99 in the antz- 
cubital vein. Patients were studied supine with the de- 
tector oriented in a 30 to 50° left anterior otlique inci- 
dence with 5 to 10° of craniocaudal tilt. Sixteen frames 
per cardiac cycle were acquired in a cine mode using a 
gamma camera (Acticamera CGR) equipped with hizh 
resolution (6 mm) low energy parallel holes colimator 
and a nuclear medicine computer (Imac CGE_). Indiv-d- 
ual frames contained >250,000 counts and w2re record- 
ed in a 64 X 64 matrix. 

Data analysis: The data were analyzed by a techni- 
cian who was blinded to the hemodynamic results, using 
a previously described semiautomatic program.’ Lado- 
ratory normal value for LV ejection fraction is 0.65 + 
0.06. 

Echocardiographic methods: M-mode and 2-dim=n- 
sional echocardiograms were recorded with a Hewlett- 
Packard phased-array ultrasonograph. The apical 4 
chamber incidence was used to obtain a qua_itative eti- 
mation of the RY cavity size. End-diastolic diame-ers 
were measured by M-mode echocardiograms in the par- 
asternal ircidence. Because paradoxical septal motioa in 
RV infarction is frequently encountered,®’ the systolic 
dimensions were not measured. An RV end-diastolic di- 
mension >14 mm-m~? or a ratio between RV/LV end- 
diastolic cimersions >0.70 were considered :ndicative of 
an enlargement of the right ventricle.'°!! 

Patients were considered to have a hemodynamically 
significant TR bv contrast echocardiography if all the 
following criteria were met: microcavitations passed 
back and forth across the tricuspid valve during succes- 
sive cardiac cycle!*; microcavitations appeared in both 
inferior vena cava and hepatic vein after atrial contrac- 
tion and continued throughout systole and early dias- 
tole!3; and microcavitations remained in the inferior 
vena cava for >10 systoles. 

Patients with tricuspid regurgitation: Because her- 
mal® and nuc-ear!* determinations of RV ejection Frac- 
tion and volumes are not a reliable measurement im pa- 
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tients with TR, assessment of changes in RV size of 
patients with TR may only be obtained by echocardio- 
graphic measure of end-diastolic RV dimensions. 
Protocol: The protocol consisted of an initial simul- 
taneous acquisition of echocardiographic, nuclear, he- 
modynamic and thermal measurements at baseline. At 
this point, radionuclide angiograms were used to stratify 
patients according to LV involvement. Echocardiogra- 
phy was used to assess RV and LV dimensions and con- 
trast echocardiography to diagnose TR before insertion 
of the pulmonary artery catheter. During volume ex- 
pansion and incremental increases in dobutamine levels, 
only the hemodynamic, thermal and echocardiographic 
measurements were performed at the bedside. Repeat 
nuclear determinations of RV ejection fraction in pa- 
tients with TR were carried out. No patient had pulmo- 
nary artery wedge pressure >18 mm Hg and all re- 
ceived normal saline in 200 ml increments over 5 min- 
utes. The volume administered was considered maximal 
when the pulmonary artery wedge pressure or right atri- 
al pressures reached 20 mm Hg. Dobutamine was then 
infused in all patients at an initial rate of 4 
ug'kg`!-min™! and increased to 8 ug-kg™!-min—!. 
Statistical analysis: All data are presented as mean 
+ standard deviation in the text and in the Tables. 
Mean + standard error of the mean is shown in Figure 
1. In all patients, 1-way analyses of variance for repeat- 
ed measures were performed to determine whether sig- 
nificant differences existed between the hemodynamic 
values during the control period, volume loading and the 
2 infusion rates of dobutamine. When a difference was 
found, multiple Student ¢ tests were performed to iden- 
tify intergroup differences. Bonferonni correction was 
used to ensure a 0.05 p value. Analyses of variance for 
repeated values were also performed to determine the 
role of TR and LV damage on hemodynamics for the 
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FIGURE 1. Variations of stroke index (SI) in response to 
therapy in the group with (open circie) and without (solid 
circle) regurgitation, Intergroup differences and variations 
are all statistically significant (p <0.001). 
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rate; LVEED = echocardiographic left ventricular end-diastolic dimension; LVSWI = left ventricular stroke work index (g - m2}; PAP = mean pulmonary artery pressure: PVR = 
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work index; SI = stroke index, SVR = systemic vascu ar resistance; TPR = tote! pulmonary resistance; Volune = volume expansion. 

Statistical analysis (STAT): A = significant difference between control and volume; B = significant difference between volume and Dobu; C = significant dose effect of Dobu. 


different therapeutic interventions. A p value £0.05 was 
considered to be statistically significant. 


RESULTS 

Initial left and right ventricular performances: Upon 
initial evaluation, the mean right atrial and pulmonary 
wedge pressures were high, and the ratio of these 2 
pressures was 20.8 in 9 patients (45%) (Table I). Four- 
teen patients (70%) had either a right atrial pressure 
>10 mm Hg, or a right atrial:pulmonary wedge pres- 
sure ratio 20.8. Cardiac index was <2.5 liters. 
min~!-m~? in all patients. The initial LV ejection frac- 
tion averaged 0.49 + 0.13 and was depressed in 9 pa- 
tients (0.29 to 0.42) and subnormal or normal in 11 
(20.50). The end-diastolic volume and dimension were 
low and were linearly correlated with the stroke index 
(y = 0.13x + 17.58, r = 0.60, p <0.01; and y = 0.38x 
+ 17.29, r = 0.52, p <0.03, respectively). In contrast, 
there was no correlation between LV end-diastolic vol- 
ume (or dimension) and pulmonary wedge pressure. 

RV ejection fractions were depressed ($0.35) in all 
patients. RV end-diastolic volumes and echocardio- 
graphic dimensions were moderately increased. The ra- 
tio between RV and LV end-diastolic volumes and di- 
mensions were elevated. The correlation between RV 
end-diastolic volume and echocardiographic dimension 
in patients without TR was good (y = 5.57x + 7.38, r = 
0.86, p <0.001, n = 15). In contrast to the left ventricle, 
no correlation was found between RV end-diastolic vol- 
ume (or dimension) and stroke index. Contrast echocar- 
diography showed a significant TR in 5 of the 20 pa- 
tients, in whom only 3 had a prominent right atrial V 
pressure wave. In these 5 patients, the thermodilution 
curve was flat and prolonged and did not exhibit the 
series of descending plateaus. At baseline (Table IT), 
these patients had higher right atrial pressure (+44%) 
and equalization of the ventricular filling pressures with 
preferential enlargement of the right ventricle. The car- 
diac index was also lower. 





Therapeutic interventions: Volume infusion (aver- 
age, 595 + 240 ml) was followed by a dramatic increase 
in both RV and LV filling pressures, a small increase of 
the ventricular diameters and cardiac index unrelated to 
the initial RV filling pressure and RV end-diastolic di- 
ameter (Table I). In contrast, only a slight increase in 
arterial pressure and cardiac and stroke indexes was ob- 
served. In the 5 patients with TR, there was no change 
in cardiac index. 

Dobutamine infusion (4 yg-ke—!-min7!) decreased 
both RY and LV filling pressures (—20%) with only a 
slight decrease in RV end-diastolic dimension (—5%). 
Cardiac index markedly increased (+24%) by increases 
in both stroke index and heart rate. In the 15 patients 
without TR, RV ejection fraction improved (+16%) 
with no change in end-diastolic volume. Conversely, in 
the 5 patients with TR, dobutamine dramatically in- 
creased heart rate (+25%), but did not change stroke 
index. 

With increasing dobutamine dosage (8 ug-kg™!- 
min~'!), cardiac index continued to increase, essentially 
through an increase in heart rate (+10%). In patients 
with TR, this dosage was followed by a further increase 
in heart rate (+24%) accompanied by a decrease in 
stroke volume and RV end-diastolic dimension, while 
right atrial pressure increased. One patient developed 
transient atrial fibrillation and 2 patients with TR de- 
veloped chest pains with electrocardiographic modifica- 
tions that disappeared with lowering of dosages. 

Comparison between the effects of volume loading 
and dobutamine in patients with and without signifi- 
cant tricuspid regurgitation: In patients with TR 
(group I, n = 5) volume expansion was significantly less 
efficacious in increasing overall cardiac performance 
than those without TR (group II, n = 15) (Table I, 
Figure 1). During dobutamine infusion (4 yg-kg™!- 
min™!), the modest increase in cardiac index in group I 
(9 vs 26%) was essentially due to an increase in heart 
rate, while stroke index and LV end-diastolic dimen- 
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TABLE Il Comparison Between Patients With (n = 5) end Witho it (n = 15) initial Tricuspid Fegurgitation 
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0.25 + 0.05 
0.29 + 0.06 
0.29 + 0.07 
0.31 + 0.07 


1.24 +0.32 
1.28 + 0.32 
1.30 +0.34 
1.25 +0.32 


0 


0.87 40.18 
0.92 +0.18 
0.78 +0.13 
07040.11 


STAT 
* p <0.01; t p <0.05; ł p x0.C01. 


D*E*FIGIY* 


N = nuclear; RVEF = rigt- ven-ricular ejection fraction; TD = thermal; TR = tricuspid regurgitation. Other abbreviations as in Table l 

Statistical analysis (STA): D = significant difference between TRtcontrol and TR°<ontrol values; E = significant difference between TR?volLme and TROvolume values: F = 
significant difference between TR*Dobu 4 and TR°Dobu 4 values; G = signitcant difference between TR*Dobu 8 and TR°Dobu 3 values: X = significant difference of variation induced 
by volume between TR+ eid TR? values; Y = significant difference of variation induc-d by Dobu between TR+ and TR? vaues; Z = significant cifference in dose effect of Dobu 


between TR+ and TR® valucs. 


sions tended to decrease in contrast to group IC (—5 vs 
33% and —6 vs 9%, respectively). Higher levels of dobu- 
tamine were followed by a greater increase of hart rate 
in group I (23 vs €%) associated, in contrast to group II. 
with a decrease in cardiac and stroke indexes (--6 vs 7% 
and —20 vs 9%, respectively). The right atrial pressure 
rose in group I while this pressure continued to decrease 
in group II (—19 vs 9%). The observed increase in pres- 
sure was associated with a decrease in RV end-diastolic. 
dimension (—26%) in group I. 

In the absence of TR, comparison between the ef- 
fects of volume loading and dobutamine in patients. 
with normal and depressed LV ejection fraction: No 
significant difference was observed between the two 
groups with volume expansion (Table IIT). Canversely, 
with dobutamine infusion (4 uwg-kg—!-min7'), patients 
with depressed LV function (group IIb, n = 3) had 2 
greater increase in cardiac and stroke indexes than pa- 
tients with conse-ved LV function (group Hla, n = 7) 
(38 vs 17% and 25 vs 14%, respectively), associated with 
a smaller increase in heart rate. Total pulmonary vascu- 
lar resistance decreased more in group IIb (43 vs 19%}, 
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associated with a greater increase in RV ejection frac- 
tion (36 vs 12%). 

in-hospital mortality: Three patients (15%) died 
during the hospital course: 2 secondary to a large biven- 
tricular myocardial :nfarction (1 despite severe clinical 
regurgitation; no ancmaly of the tricuspid valve was evi- 
denced) and the third of extensive grade IV! RV infarc- 
tion (without severe LV damage), associated with a tri- 
cuspid papillary muscle rupture. 


DISCUSSION 

The major findings of this study in patients with RV 
infarction-induced low cardiac output are the following: 
volume loading was only modestly effective in restoring 
cardiac output; dotutamine produced substantial im- 
provement of cardiac performance; severe TR rendered 
all treatment ineffective; and altered hemodynamic sta- 
tus with concomitant LV damage was amenable to 
treatment with dobutamine. 

Limitations of methodology: recise analysis of RV 
response to treatment requires accurate determination 
of ventricular volumes. The ckoice of nongeometric 


TABLE Ill in the Absence of Tricuspid Regurgitation (n = 15), Comparison Between Patients with Normal (n = 7) and Depressed 
Initial Left Ventricular Ejection Fraction (n = 8) 


HP (beats -min=!) Cl (liters «min7! - m72) 


83412 
812410 
87410 
95+ 13 


Control 
Volume 
Dobu 4 
Dobu 8 
STAT 


PV/P (mm Hg) 


Mean 


Si(ml-min7) BP (mm Hg) PAP (mm Hg) 


SVR (dynes s cm~’) 


Control 
Volume 
Dobu 4 
Dobu 8 
STAT 


Control 
Volume 
Dobu 4 
Dobu 8 
STAT 


Control 
Volume 
Dobu 4 
Dobu 8 
STAT 


<0.45 >0, 


1443 
21+2 
16+1 
1442 
Ey! 


45 


1044 
1642 
ISl 
1442 


TPR (dynes s cm™°) 


<0.45 


>0.45 


500 + 221 
463 + 43 
336 + 38 
327 + 36 


94 
194 
L53 
1444 


0.624017 
0.82 +0.14 
0.84 + 0.24 
0.86 +0.27 


0.95 + 0.22 
1.14.15 
1.0.15 
1.0 + .20 


<0.45 


1555 + 245 
1391 +133 
1192 + 174 
1200 + 215 


D*Ety! 


PVR (dynes s crn) 


<0.45 


107 + 63 
93 +63 
82 +57 
98 + 60 


0.25 + 0.07 
0.25 + 0.07 
0.31 + 0.08 
0.34 + 0.07 
ył 


>0.45 


169439 
127+ 36 
100 + 33 
109 + 28 


0.25 + 0.07 
0.25 + 0.04 
0.27 + 0.06 
0.29 + 0.07 


3.5+0.7 
2.8+0.9 
3.8+ 2.0 
4.2420 


RVSWI 


29409 
17+1.3 
3.0 4 1.4 
32 k15 


RVEDV (ml -72) 


<0.45 


105 + 20 
127 + 36 
119+16 
1152413 


>0.45 


104417 
117415 
119413 
112414 


>0.45 


1496 + 287 
1238 + 233 
1179 +195 
11714177 


LVSWI 


2i+4 
23+4 
33+6 
3847 


2347 
259 
3148 
3349 


RVESV (mi - m7?) 


<0.45 


79420 
97+ 35 
83418 
77414 


>0.45 


* p <0.01; t p <0.001; t p <0.05. 
LVEF = left ventricular ejection fraction; RVEDVI = 
systolic volume index. Other abbreviations as in Table |. 


right ventricular end-diastolic volume index; RVEF = thermal right ventricular ejection fraction; RVESVI = right ventricular end- 


Statistical analysis (STATY D = significant difference between LVEF <0.45 control and LVEF >0.45 control values; E = significant difference between LVEF <0.48 volume and LVEF 
>0.45 volume values; F = siznificant difference between LVEF <0.45 Dobu 4 and LVEF >0.45 Dobu 4 values; G = significant difference between LVEF <0.45 Dobu 8 and LVEF >0.45 
Dobu 8 values; X = significant difference of variation induced by volume betw2en LVEF <0.45 and LVEF >0. 45 values; Y = significant difference of variation induced by Dobu between 
LVEF <0.45 and LVEF >0.45 values; Z = significant difference in dase effect of Dobu between LVEF <0.45 and LVEF >0.45 values, 


methods for measuring RV ejection fraction and vol- 
umes seems most appropriate, given the variable shape 
of the right ventricle. If cardiac output determination by 
thermodilution and, therefore, forward stroke volume 
has usually been considered reliable!>:!® in the presence 
of TR, the thermal® and nuclear!* determination of RV 
ejection fraction is not accurate in this clinical setting. 
The RV ejection fraction measured by radionuclide 
technique is actually the global ejection fraction (EF), 
defined as the forward (f) plus the regurgitant (r) stroke 
volume (SV) divided by the end-diastolic volume 
(EDV): global EF = [SVf + SVr]/EDV. The RV end- 
diastolic volume cannot be calculated from nuclear RV 
ejection fraction (global EF) and thermal stroke volume 
(SVf), because the regurgitant stroke volume remains 
unknown. Assessment of changes in RV size of patients 
with TR can only be obtained by echocardiographic 
measure of RV end-diastolic dimensions. 

Volume loading: Volume loading was the first and 
extensively documented therapeutic intervention,!®!’~24 
but its mechanism has not been clearly elucidated and 





its clinical efficacy not firmly established. Volume load- 
ing in hemodynamically significant RV infarction was 
reported by Cohn et al!’ to be quite efficacious. Further 
reports tempered these findings; slightly increased car- 
diac output (310%), as in our 20 patients and others, 
was observed‘ or there was no increase at all.!9-2° One 
of the groups”° has argued that the beneficial effect of 
volume loading observed‘ might be explained by an ini- 
tial cardiac output 22.6 litersemin~!-m~?. This fails to 
explain the improvement observed in our study. Anoth- 
er possibility could be differences in the initial fluid sta- 
tus. Initial RV filling pressures and end-diastolic dimen- 
sions were not correlated with the response to volume 
loading. 

Several mechanisms may limit the efficacy of vol- 
ume loading. After volume infusion, we observed the 
following: a dramatic increase of right atrial pressures 
and pulmonary wedge pressure with consequent pres- 
sure equalization; a modest rise of RV and LV end- 
diastolic dimensions; a parallel augmentation of stroke 
volume with the increased end-diastolic dimensions of 
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the left ventricle brt not with that of the right ventricle; 
and an increase of the RV:LV end-diastolic ratio. The 
subsequent disproportionate increase of intracavitary 
pressures with respect to diastolic dimensions suggests 
that transmural pressures are of a smaller magnitude 
consequent to an ixcreased intrapericardial pressure, as 
has been observed by Goldstein et all? in the dog. An 
altered diastolic compliance of the right ventricle may 
also play a role. Furthermore, ventricular interference is 
suggested by a continued increase of the RV:LV dia- 
stolic dimension ratio to values >1. We conclude that 
further increase of RY volumes to bring the Starling’s 
law into play is lim_ted by the increased intrapericardial 
pressures and ventricular interference. 

Dobutamine incusion (4 ug-kg~!-min~!) in the 15 
patients without TR led to a marked improvement of 
RV contractility, az judged by increased stroke volume, 
stroke work and ejection fraction associated with de- 
creased filling pressures and dimensions. The improve- 
ment of RV performance was followed by a decrease in 
LV filling pressures with no change in diastolic dimen- 
sions, suggesting a decreased ventricular interference, 
decreased intraperfcardial pressure or both. Increasing 
the dosage of dob.tamine was only accompanied by a 
progressive decrease ir: filling pressures and an increase 
in heart rate and an additional volume expansion could 
have been beneficial. Similar results were obtamed by 
Dell’Italia et al? using maximal doses that ranged from 
5 to 20 (mean 13) ug-kg~!-min—!. However ther found 
no variations of LV filling pressure with dobuzamine, 
probably because naost of their patients had normal LV 
ejection fraction (0.60 + 0.12 vs 0.49 + 0.13 in our 
study). In the subgroup of our 7 patients: with normal 
LV ejection fraction, there also was no decrease in the 
wedge pressure wich dobutamine. In cases of normal 
LV function and RV infarction, pulmonary wedge pres- 
sure is essentially dictated by RV outflow and ventricu- 
lar interference. In these patients, dobutamine increased 
RV outflow and decreased ventricular interference, 
thereby producing a balanced effect on the wedge pres- 
sure. In cases of severely depressed LV ejection fraction, 
LV function becomes ‘the major determinant of the 
pulmonary wedge, and dobutamine may diminish the 
wedge pressure by increasing LV contractility. bimilar 
results were observed with dopamine in a small g-oup (n 
= 4) of such patieats.!9 

Tricuspid regurgitation: TR in patients with RV in- 
farction is a diagnostic and therapeutic challenge. No 
technique has beer established as the gold standard in 
diagnosing TR. Only qualitative assessment is possible. 
Comparing echocardiographic method with RV con- 
trast angiography, Curtius et al?3 concluded that both 
contrast and Dopp.er echocardiography were accurate 
methods for routine diagnosis of TR at bedside, with a 
sensitivity of 82 and 92%, respectively. Specificity was, 
however, superior with contrast echocardiography com- 
pared with Doppler technique (100 vs 86%). Only 5 pa- 
tients with TR hada flat and prolonged thermodilution 
curve without descending plateaus, as recently report- 
ed.&!5 This is probébly due to a to and fro movement of 
the cold bolus acrcss the incompetent valve. The value 
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of this finding in the diagnosis of TR should be studied 
further. 

The incidence of TR has been difficult to assess, be- 
cause it has been primarily reported in the form of iso- 
lated cases** and reccgnition depends on the diagnostic 
procedure used.’ In our study, TR was judged to be 
present in 5 of the 20 patients (25%). Jugdutt et al,» 
using the same technique and criteria for the diagnosis 
of TR, found evidence of TR in 4 of their 17 patients 
(24%) in this clinical setting. In arother, RV angiogra- 
phy was positive in 7 of their 20 patients (35%).* The 
slightly lower frequency of TR in our study may be par- 
tially explained by the fact that we have excluded a 
large group of patients with atria] arrhythmias, which 
are frequently associated with TR in RV infarction.” 

The therapeutic response to fluid challenge and ino- 
tropic drugs in the presence of TR has not been report- 
ed. In the small number of patients with TR we studied, 
volume expansion failed to increase cardiac output. This 
is probably due to a more severe alteration in ventricu- 
lar systolic and especially diastolic function in patients 
with TR (RV filling pressures were higher for similar 
end-diastolic dimensions, Table II). Most interestingly, 
dobutamine was unable to increase stroke volume de- 
spite an increased ruclear RV ejection fraction (p 
<0.06) and constant end-diastolic dimensions. Nuclear 
RV ejection fraction represents the global ejection frac- 
tion; that is, forward stroke volume added to the regur- 
gitant volume divided by the end-diastolic volume. If 
the end-diastolic dimension reflects the end-diastolic 
volume as accurately as in patients without TR, an in- 
crease of nuclear RV ejection fraction with no change in 
forward stroke volumz2 and end-diestolic dimension im- 
plies an increase in the regurgitant volume. This was 
still more evident at € ug of dobutamine; a decrease in 
stroke volume and a marked increase in heart rate were 
noted. Concomitantly, right atrial pressure increased 
and end-diastolic dimension decreased, suggesting an 
additional decrease ir RV complience. This was prob- 
ably due to tachycardia-induced imbalance between 
myocardial oxygen supply and demand, as shown in the 
2 patients developing. clinical. and electrocardiographic 
signs of myocardial tschemia that were relieved after 
discontinuation of dobutamine. 

Additional left ventricular damage: Surprisingly, 
volume loading was followed by a similar increase in 
RV and LV filling pressures, the right atrial:pulmonary 
wedge pressure ratio being, however, lower in patients 
with extensive LV damage. The increase in pulmonary 
wedge pressure did not correspond to an increased pre- 
load because LV end-diastolic dimensions remained 
constant. Elevated LY filling pressure in these patients 
is probably indicative of higher intrapericardial pressure 
secondary to RV dilatation, as in the dog model, rath- 
er than consequent to the extensive LV damage. The 
dobutamine-induced increase of global-and RV pump 
function was greater in patients with severe LV dam- 
age. The following 2 explanations may account for this: 
dobutamine-induced enhancement of LV ejection may 
thereby decrease the afterload of the right ventricle 
(greater decrease in total pulmonary resistance in this 


group) and enhancement of LV ejection augments RV 
ejection (ventricular interdependence). 
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The Divergent Recovery of ST-Segment 
_ Depression and Radionuclide Angiographic 
Indicators of Myocardial Ischemia 


Pierce J. Vatterott, MD, Peter C. Hanley, MD, Harold T. Mankin, MD, 
and Raymord J: Gibbons, MD 


This study evaluated the recovery after exercise of 
both ST-segment depression on the exercise elec- 
trocardiogram -electrical evidence of ischemia) anc 
exercise-induced abnormalities in wall motion or 
ejection fraction as detected by radionuclide angi- 
ography. The siudy group of 31 patients was se- 
lected to underzo prolonged electrocardiographic 
and radionuclide imaging after exercise because 
they had persistent ST-segment depression >3 
minutes after exercise and radionuclide anzio- 
graphic evidence of ischemia at peak exercise. In 
27 (87%) of the 31 patients, radionuclide evidence 
of ischemia recovered more quickly than the elec- 
trocardiogram. Only 15 of the 31 patients had ex- 
ercise-induced radionuclide abnormalities after ex- 
ercise. Compared with the 16 patients without such 
findings of ischemia after exercise, these -15 pa- 
tients had a wcrse wall motion score at peak exer- 
cise (5.3 vs 3.9; p <0.01) and a smaller increase in 
systolic blood pressure with exercise (p <@.05) anal 
after exercise (p <0.01). Radionuclide angiographic 
evidence of ischemia recovers more quickly after 
exercise than ST-segment depression. When there 
is radionuclide evidence of ischemia after exercise, 
it is associated with more severe ischemia during 
exercise. 

(Am J Cardiol 1990;66:296--30 1) 
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of ST-segment changes during exercise and the 

duration. of ST-segment. depression after exer- 
cise*-7 have been used to diagncse coronary artery dis- 
ease and to predict outcome.-!= Exercise radionuclide 
angiography also has been used to diagnose coronary 
artery disease, assess disease severity,'3-!> predict out- 
come!®!7 and assess therapeutic interventions.!8-29 Up- 
ton et al?! found that exercise-induced left ventricular 
dysfunction may be detected before electrocardiograph- 
ic ST-segment depression appeers. However, the rela- 
tion between the postexercise recovery of ST-segment 
depression on the exercise electrocardiogram and of ex- 
ercise-induced abnormalities in wall motion and ejection 
fraction has not been previously examined. The purpose 
of this study was therefore to evaluate the time course 
of recovery of radionuclide angiographic evidence of 
ischemia after exercise in patients with persistent ST- 
segment depression after exercise. , 


Te presence,! magnitude*? and configuration*° 


METHODS 

Study group: Patients undergoing clinically indicat- 
ed supine exercise radionuclid2 angiography for the 
evaluation of chest pain were eligible for the study. Pa- 
tients with resting ST-segment abnormality, left ventric- 
ular hypertrophy, left bundle branch block, Wolff-Par- 
kinson- White syndrome, paced rhythm, hypothyrodism, 
hyperthyroidism or electrolyte disorders or those receiv- 
ing digoxin therapy or psychotropic drug therapy were 
excluded. | 

The study group consisted of consecutive patients 
who were selected to undergo prolonged radionuclide 
imaging after exercise because they had =1 mm of hor- 
izontal or downsloping ST-segment depression 80 ms 
after the J point that persisted for 3 minutes after exer- ` 
cise and had a regional wall motion abnormality or a 
decrease in ejection fraction during exercise. 

Exercise protocol: Patients underwent supine exer- 
cise bicycle ergometry according to a previously de- 
scribed protocol?” to 1 of the following endpoints: (1) 
severe angina pectoris, (2) marked fatigue, (3) complex 


ventricular ectopy or (4) 2 mm of horizontal or down- 


sloping ST-segment depression. The exercise protocol 
was occasionally modified by the monitoring physician. 

Although we recommended that antianginal medica- 
tions be withdrawn before testing, 13 patients were tak- 
ing -adrenergic blockers at the time of testing. 


Radionuclide methods: Our techniques for red blood 
cell labeling and equilibrium radionuclide angiography 
have been described previously.” 

Two-minute multigated radionuclide images were 
obtained at rest, for che last 2 minutes of each 3-minute 
exercise period and for 2 minutes after exercise ending 
at 3, 6, 9 and 12 minutes after exercise. For patient 
comfort, only the first postexercise acquisition was per- 
formed with the patient’s feet up in the bicycle pedals. 
The patient was supine with both feet out of the bicycle 
pedals for the remaining 3 images. A 12-lead electro- 
cardiogram was reccrded at rest, every minute during 
exercise, at peak exercise, immediately after exercise 
and at 3, 6, 9 and 12 minutes after exercise. Electrocar- 
diography was therefore performed at the end of each 
postexercise radionuclide acquisition. The blood pres- 
sure was recorded et rest and during each exercise 
radionuclide acquisition. The blood pressure was also 
recorded at 2 minutes after exercise in the last 15 pa- 
tients. 

A standard operator-assisted computer algorithm? 
was used to calculate ejection fraction. Any decrease in 
ejection fraction was considered significant if the resting 
ejection fraction was <70%; if the resting ejection frac- 
tion was >70%, a decrease of at least 5% was required. 
Septal, inferoapical and posterolateral regional wall mo- 
tions were evaluated by the consensus of 2 blinded ob- 
servers on a 6-point scale (from 1, for normal, to 6, for 
dyskinetic). A regional wall motion abnormality was 
considered to be present if the score in any 1 of the 3 
segments worsened from rest to peak exercise. The data 
were analyzed with tke Student ¢ test. 
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RESULTS 

The time for postexercise recovery of ST-segment 
depression was clearly different from the time for recov- 
ery of radionuclide indicators of ischemia (Figure 1). 
By design, all 31 patients had both ST-segment depres- 
sion and radionuclide evidence of ischemia at peak exer- 
cise and ST-segment depression that persisted for at 
least 3 minutes after exercise. However, only 15 had a 
decrease in ejection fraction or a regional wall motion 
abnormality that persisted after exercise. Of these 15 
patients, in 11 the ST-segment depression persisted 
longer after exercise than the presence of radionuclide 
evidence of ischemia, in 2 the radionuclide ischemia 
persisted longer and in 2 both resolved simultaneously. 
Thus, in 27 (87%) of the 31 patients, radionuclide isch- 
emia recovered more quickly than the electrocardio- 
gram. 

There were clear differences in the time course of 
recovery of both exercise-induced regional wall motion 
abnormalities and exercise-induced decrease in ejection 
fraction compared with ST-segment depression (Figure 
2). At 3 minutes after exercise, only 14 patients (45%) 
had a persistent exercise-induced regional wall motion 
abnormality, although ST-segment depression was pres- 
ent in all 31 patients. The results were similar when 
decreases in ejection fraction were evaluated. At 3 min- 
utes after exercise, a decrease in ejection fraction from 
the resting value was still present in 9 (29%) patients, 
although ST-segment depression was present in all 31 
patients. 

No significant differences were noted when patients 
with radionuclide evidence of ischemia and those with- 


c= Positive ECG 


=m Mechanical evidence 
of ischemia 


10 12 


After exercise, min 





FIGURE 1. Electrocardiographic and mechanical radionuclide findings at peak exercise and after exercise for 31 patients. Open 
bars = duration of ST-segment depression after exercise; solid bars = duration of mechanical evidence of ischemia (either a wall 
motion abnormality or a decrease in ejection fraction) after exercise. Mechanical evidence of ischemia clearly resolves more 


quickly than ST-segment depression. ECG = electrocardiogram. 


THE AMERICAN JOURNAL OF CARDIOLOGY AUGUST 1, 1990 297 


out were compared with respect to exercise METs, ex- 
ercise rate-pressure product, peak exercise ST-segment 
depression, resting ejection fraction, exercise ejection 
fraction, change in ejection fraction with exercise and 
regional wal! motion abnormalities at rest and with ex- 
ercise (Table I). 

The severity cf ischemia at peak exercise influenced 
its postexercise recovery (Figure 3). The 15 patient 
with radionuclide evidence of ischemia after exercise 
had a worse mean wall motion score at peak exercise 
than the 16 patients without evidence of ischemia after 
exercise (5.3 vs 2.9; p <0.01). Similar but insignificart 
trends were present for the ejection fraction data. 

The 15 patients with radionuclide evidence of isck- 
emia after exercise had ST-segment depression that 
tended to persist longer after exercise (11.4 + 4.7 mim- 
utes) than in patients without radionuclide evidence of 
ischemia (8.8 + 2.5 minutes), but this difference was of 
borderline significance (p = 0.06). The presence of ra- 
dionuclide evidence of ischemia after exercise was ass)- 
ciated with a lower systolic blood pressure during ard 
after exercise. Postexercise blood pressure measur2- 
ments were available for 15 patients (8 with radionu- 
clide evidence of ischemia after exercise and 7 without) 
(Figure 4). The 7 patients without evidence of ischemia 











after exercise had a greater increase in systolic blood 
pressure with exercise (p <0.05) that persisted after ex- 
ercise (p <0.01) than the 8 patients with evidence of 
ischemia after exercise. 

The persistence of ST-segment depression after exer- 
cise in the 13 patients who were receiving 6-adrenergic 
blockers at the time of exercise testing (10 + 3 minutes) 
was not significantly different from that in the 18 pa- 
tients who were not receiving 8-adrenergic blockers (10 
+ 3 minutes). Of the 15 patients who had radionuclide 
evidence of ischemia after exercise, 7 were receiving £8- 
adrenergic blockers; 6 of these 7 had persistence of ST- 
segment depression after resolution of radionuclide evi- 
dence of ischemia. 


DISCUSSION 

During the immediate postexercise period, there are 
relatively rapid reductions in venous return, stroke vol- 
ume, heart rate and blood pressure that dramatically 
reduce cardiac workload and help to reverse cardiac 
ischemia if it is present. 

The purpose of this study was to evaluate the time 
course of recovery of ST-segment depression and radio- 
nuclide indicators of ischemia.. In 27 (87%) of 31 pa- 
tients with persistent ST-segment depression after exer- 
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TABLE I Comparison of Patients with Radionuclide Angiography (RNA) Evidence of Ischemia After Exercise and Patients with 


Normat RNA Results After Exercise 


Patient Group 


Abnormai Postexercise 


RNA (n = 15) 


Exercise METS 4.87 + 0.7 

Exercise RPP 

Peak exercise ST-segment 
depression (mm) 

Duration of ST changes after exercise 
(minutes) 

Resting EF (%) 

Exercise EF (%) 

Change in EF (%) 

Regional wall motion abnormalities at 
rest 

Regional wall moticn abnormalities 
with exercise 

Change in regional ‘wall motion 
abnormalities with exercise 

Change in BP (rest zo peak exercise)* 

Change in BP (rest -o after exercise)* 

Percentage taking ¢-adrenergic 
blockers 


2.7 40.9 


57£10 
47 +10 
-9.8 + 9.1 
2.2+1.8 


9.3%2.7 
3.1 + 1.8 
16+ 16 


4+/7 
47% 


24,614+ 6,675 


11.4447 | 


Normal Postexercise 
RNA (n = 16) 


9.36 + 1.4 
20,577 + 4,581 
2941.4 


8.8 + 2.5 
5649 

91+ 10 

—5.0 + 10.0 

24+1,3 
3.9+1.9 
1.51.7 
40 + 22 


16421 
40% 


* These data were available “or 15 patients (8 with radionuclide evidence of ischemia after exercise and 7 without such evidence). 
BP = blood pressure; EF = e ection fraction; METs = metabolic equivalents; NS = not significant; RPP = rate-pressure product. 





cise, radionuclide evidence of ischemia resolved more 
quickly than the electrocardiogram. More than half of 
the patients had no radionuclide evidence of ischemia 
between 1 and 3 minutes after exercise. Patients who 
had abnormal radionuclide angiograms after exercise 
had greater ischemia at peak exercise and a more pro- 
longed recovery of the ST-segment depression after ex- 
ercise. The time course of recovery of ST-segment de- 
pression and radionuclide indicators of ischemia after 
exercise is clearly very different. 

One implication of this study is that radionuclide im- 


Wall motion score 


Peak 


Post 1 





aging at peak exercise is a more sensitive indicator of 
ischemia than radionuclide imaging after exercise. Al- 
though the radionuclide method used in this study is an 
averaging technique used over a 2-minute period with 
the earliest postexercise images being obtained at 1 
minute after exercise, Dymond et al? noted similar re- 
sults using the more rapid first-pass technique. Using 
sequential first-pass studies at rest, at peak exercise and 
immediately after exercise in patients without prior 
myocardial infarction, they found that postexercise im- 
aging achieved a sensitivity of only 68%. Similar results 


O— 0 Patients without mechanical evidence 
of ischemia after exercise (n = 16) 

OA Patients with mechanical evidence 
of ischemia after exercise (n= 15) 


Post» Postg Post 4 


FIGURE 3. Mean wall metion score at rest, peak exercise and each postexercise (post) period. The patients were further 
subdivided into those with mechanical evidence of ischemia after exercise (n = 15) and those without mechanical evidence of 
ischemia after exercise (n = 16). Patients with mechanical evidence of ischemia after exercise had a more severe abnormality 


at peak exercise. 
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were found in a comparison of postexercise and transe- 
sophageal atrial pacing using 2-dimensional echocardi- 
ography.”4 

The rapid recovery of radionuclide evidence of isch- 
emia after exercise does not seem to be simply a resul 
of the decline in systolic blood pressure after exercise 
Patients with abnormal radionuclide angiograms afte: 
exercise generally had a lower systolic blood pressur2 
after exercise than at rest. These findings are in agree- 
ment with those of Schneider et al, who fcund that 
delayed functional recovery was associated with severe 
coronary artery disease and was not primarily influ- 
enced by hemodynamic changes. 

Among the limitations of this study are the possibe 
effects of medication and body position. Patierts receiv- 
ing 6-adrenergic blockers were included, and although 
these agents may have influenced postexercise recover”, 
the pattern of radionuclide recovery occurring before 
ST-segment depression was present both in ths patien-s 
who were taking 6-adrenergic blockers and in those wto 
were not. In addition, no difference was noted in tke 
recovery of the ST-segment changes in thoss patien:s 
taking -adrenergic blockers and those who were nct. 
These findings, cbtained in the supine position, may not 
apply to the upright position. It should also be noted 
that the first postexercise image was obtained with the 
patient’s feet up in the stirrups of the bicycle 2rgometzr 
and the other 3 postexercise images were obtained wich 
the patient comoletely supine. This change in position 
will presumably reduce ventricular volumes and systolic 
wall tension anc. thereby reduce ischemia. However, 6 
of the 31 patients had no radionuclide evidenze of isch- 
emia immediately after exercise while their feet re- 
mained in the bicycle pedals. 

Although consecutive patients were evaluated, pa- 
tient selection did occur. To qualify for entry into the 
study, patients were required to have both en exere-se 
electrocardiogrem positive for ischemia and a new re- 
gional wall motion abnormality or decrease in ejection 
fraction during exercise. This study group was selected 
to prevent patients with a false-positive ele>trocard_o- 
gram from entering the study. Thus, the study group 
was selected to have true ischemia to permit comparison 


300 = THE AMER CAN JOURNAL OF CARDIOLOGY VOLUME 63 


FIGURE 4, Change in systolic blood pres- 
sure (ABP) from rest to peak exercise and 
from rest to 2 minates after exercise 
(post) for the 15 patients for whom post- 
exercise blood pressure measurements 
were available. The patients are sub- 
divided into those without mechanical 
evidence of ischemia after exercise 

(n = 7) and those with mechanical 
evidence of ischemia after exercise 

(n = 8). Patients without mechanical 
evidence of ischemia after exercise 

had a greater increase in systolic 

blood pressure with exercise that 
persisted after exercise. 


of electrical ischemia (ST-segment depression) with me- 
chanical ischemia (judged by an abnormal exercise ra- 
dionuclide angiogram). 
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Acute Coronary Vasomotor Effects of Nifedipine 
and T herapeutic Correlates i in Syndrome X 


Piero Mortorsi, MD, Sergio Cozzi, VD, Alessandro Loaldi MD, Franco Fabbiocchi, MD, 
Alvise Polese, MD, Nicoletta De Cesare, MD, and Maurizio D. Guazzi, MD 


in 18 patients (12 women) presenting with 2ffort- 


induced chest pain and normal coronary angio- 
grams (syndrome X), 10 mg sublingual nifedipine 
increased the lu nen of major coronary arteries 
(quantitative angiography) by 13 + 10% (p <0.01), 
coronary blood Jow (thermodilution) by 23 + 26% 
(p <0.05), norepinephrine plasma concentration by 
60 + 42% [p <0.01) and decreased the glabal ST- 
segment shift during the effort stress test from 8.8 
+ 4.1 to 7 + 6.8 mm (p <0.03) at comparable max- 
imal workload and at unchanged double product. 
There was a co-relation (positive) of changes in 
flow with changes in coronary lumen diameter (r = 
_ 0.65, p <0.01) with ST-segment response to exer- 
cise (r = 0.83, > <0.001) and with (inverse) nor- 
epinephrine plasma concentration (r = —0.70, p 
<0.01); no correlation was found between ST-seg- 
ment response and changes in arterial lumen diam- 
eter. In a few cases, nifedipine did not improve or 
even worsened the response to exercise; coronary 
flow was unchanged or decreased and norepineph- 
rine plasma levels were modestly or greatly in- . 
creased, respe>tively. After: 4 weeks of treatment 
with nifedipine (10 to 20 mg 4 times daily), the ef- 
fort ST-segment shift was further decreased to 4.4 
+ 3.5'mm (p <0.03) despite a slightly increased 
double produc:. Plasma norepinephrine values, as 
compared to those after acute nifedipine, were de- 
creased by 40% in patients with further improve- 
ment and were unchanged in patients whese exer- 
cise performance did not vary. 

: Thus, nifedipine improved the effort test 
through coronary. vasodilatation rather tkan de- 
crease in oxygen demand; variations in the ST shift 
were correlated with changes in flow and not in lu- 
men diameter; adrenergic activation by nifedipine 
may, in some patients, counterbalance or even 
offset the corsnary vasodilating efficacy. əf the 
drug; this effect attenuates with prolonged therapy. 
Syndrome X appears to be a disorder in coronary ` 
microvessel motility, which is sensitive to calcium- 
channel blockade (dilatation) as well as to norepl- 
ne (corstriction). 

i -` (Am J Cardiol 1990; 166:302-307) 
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possibly related to abnormal intracellular calci- 

um handling, has been detected in patients with 
syndrome X (effort-induced chest pain despite normal 
coronary angiograms).! This abnormality leads to en- 
hanced vasoconstrictor response znd to inadequate vaso- 
dilator reaction of the microvessels to metabolic and/or 
pharmacologic stimuli.2? Calcium-channel blockers ap- 
pear to be a rational therapeutic approach to this syn- 
drome. Thus far, nowever, clinical studies have pro- 
vided. conflicting results.4-7. We therefore investigated 
the short- and long-term therareutic efficacy of calci- 


A disorder in vascular smooth muscle contractility, 


um-channel blockade with nifedipine in patients with 


syndrome X and correlated it with the acute coronary 
vasomotor response to the same drug. In fact, it was 
previously shown that the vasomotor-reaction to nifedi- 
pine is predictive of treatment efficacy in coronary dis- 
dart in which calcium ions may have a pathogenetic 
role. 


METHODS 

Patients: The sludy group AT 18 patients (12 
women): with a mean age of 54 + 7 years, having nor- 
mal coronary angiograms and fulfilling the following i in- 
clusion criteria: stable, effort-induced chest pain associ- 
ated with positive and reproducible exercise stress test; 
positive Holter monitoring (>0.15 mV ST-segment de- 
pression during ordinary daily activity) and/or revers- 
ible perfusion defects on thallium-201 myocardial scin- 
tigraphy; absence of left ventricular hypertrophy (echo- 
cardiography); narmally contracting left ventricle; and . 
no nifedipine treatment in the previous 3 months. 

All patients had positive responses to.=2 of the tests 
listed previously; in 12 of 18 (60%) cases, all tests were 
positive. Subjects did not complain of chest pain at rest, 
were normotensive (<140/90 mm Hg) and did not pre- 
sent with valvular or primary myocardial diseases. Drug 


treatment was withdrawn 21 week before the study. 


Sublingual nitrates were the only medications allowed 
during ‘chest: pair. episodes. 

Study design: The study was approved by the local 
ethics committee and written ‘nformed consent was ob- 
tained from all patients. Diagnostic coronary angiogra- 
phy was carried out with the Judkins technique in mul- 
tiple projections (using Siemeas-Elema equipment with 
C-arm). Contrast medium (Iopamidol-370). was inject- 


' ed at.a flow rate of 3 ml/s. Standard hemodynamic 


measurements were obtained through a 7Fr Swan-Ganz 
thermodilution balloon-tipped catheter (Edwards Labo- 


- ratories) positioned in the pulmonary artery. Blood 


pressure was recorded with a 7Fr pigtail catheter posi- 
tioned in the ascending aorta and advanced into the left 





ventricular cavity for end-diastolic pressure recording. 
An 8Fr multithermistor thermodilution pacing catheter 
(Webster Laboratories) was introduced through the 
right internal jugular vein and advanced into the coro- 
nary sinus. Catheter stability was frequently checked 
through fluoroscopy and by iced saline injections into 
the right atrium to exclude blood reflux into the coro- 
nary sinus.!° 

Twenty minutes after coronary arteriography, sys- 
temic and coronary hemodynamics were recorded and 
arterial blood for norepinephrine determination was 
withdrawn. Nifedipine (10 mg sublingual) was then giv- 
en and hemodynamic measurements and blood sam- 
pling were repeated 30 minutes after the drug. Left cor- 
onary artery angiograms were then taken again in 2 
views (90° apart). 

The response to treatment was assessed by exercise 
testing. The ergomeiric tests were performed in the 
postabsorptive state, in the upright positio and on an 
isokinetic bicycle ergometer with a 6-channel analyzing 
electrocardiographic recorder (Siemens Sicard 440S). 
Electrocardiogram, heart rate and blood pressure (cuff 
manometry) were recorded every 2 minutes of exercise 
and at 1, 3, 5 and 8 minutes during the recovery phase. 
Exercise began at 150 kpm/min (25 watts) and the 
workload was increased by 150 kpm/min every 2 min- 
utes. The test was continued until ST-segment depres- 
sion, >2 mm with or without angina, was induced. The 
ST-segment shift was measured automatically at each 
step of exercise and during the recovery phase in 3 leads 
that in each patient showed the most obvious electrocar- 
diographic alterations, so that the total value of ST-seg- 
ment depression could be obtained. | 

Exercise stress test was performed >48 hours after 
coronary angiography, while patients were not taking 
drugs (baseline). After complete recovery from the first 
test, nifedipine (10 mg sublingually) was administered 


FIGURE 1. Plot of 
changes of coronary sinus 
flow (% A CSF) versus 
changes of coronary 
artery diameter (% A CD) 
after 10 mg sublingual 
nifedipine. 
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and exercise test was repeated 30 minutes. later (acute 
phase treatment). Then patients were subjected to a 
long-term oral regimen of nifedipine, at doses ranging 
from 10 to 20 mg 4 times daily, based on clinical bene- 
fits and side effects. The ergometric evaluation was per- 
formed 4 weeks later, 90 minutes after the last dose of 
medication (long-term treatment). Subsequently, nifedi- 
pine was replaced by placebo in 10 patients and exercise 
stress tests were repeated 2 weeks later. Both patients 
and investigators evaluating the stress tests were blinded 
in regard to active or placebo phases. The exercise test 
was maximal in the control condition and peak work- 
load was kept constant in each patient throughout the 
subsequent tests. Blood samples for norepinephrine plas- 
ma values were taken before the exercise stress tests in 
the long-term phase of treatment while patients were in 
the supine position (data were available in 7 of 18 pa- 
tients). 

Data analysis: Coronary sinus flow was measured 
according to a previously described method!! and coro- 
nary resistance was calculated from the ratio of aortic 
pressure and coronary blood flow. Quantitative angio- 
graphic measurements were automated by a validated 
method of digital processing.'? Briefly, digital images 
were obtained by viewing each single-frame cineangio- 
graphic image with a television camera (RCA 1005 
VIDICON) that served as input to a digital angio- 
graphic system (ADAC 4100 C). The computerized 
analysis of the coronary artery diameter was obtained 
by means of an interactive computer program with pre- 
vious magnification of the area of interest and place- 
ment by the observer of a cursor point across normal 
vessel diameter. Measurements were performed in all 
patients at the proximal, mid- and distal-thirds of the 
anterior descending artery and of the left circumflex ar- 
tery. A 7Fr Judkins left coronary artery catheter was 
taken as standard reference measurement. To assess ac- 
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curacy and reprodacibility of measurements by a com- 
parison with objects of known dimensions, we produced 
a digital radicgrarhic image of a phantom of 5 silastic 
tubes filled with contrast medium, ranging from 0.8 to 
4.9 mm. A strong linear correlation was found between 
the mean observed diameter versus the true diameter of 
the test object. The 2 independent observers who evalu- 
ated angiograms befcre and after the calcium antago- 
nist were unaware of the study phase. The interobserver 
variability was <10%. 

Plasma ncrepirephrine was determined by Ingh-per- 
formance liquid chromatography with electrochemical 
detection. !? 

Statistical analysis: Statistical analysis of zhe data 
was performed by means of a paired ¢ test. Cor-elations 
were tested with a fit linear regression analysis. Com- 
parison of the exercise stress tests was performed by 
means of the analysis of variance. A p value <9.05 was 
considered statistically significant. Data are grouped as. 
mean + standard deviation. 


RESULTS 

Systemic and coronary hemodynamic effects of ni- 
fedipine: After rifedipine, systolic blood pressure de- 
creased from 148 + 18 to 129 + 13 mm Hg © 
<0.001), diastolic blood pressure from 83 + $ to 75 = 
10 mm Hg (p 0.001), left ventricular end-diastoli> 
pressure from 15 + 5 to 12 + 6 mm Hg (p <0.05) and 
systemic vascular resistance from 1,392 + 251 to 1,065 
+ 227 dynes s cn™> (p <0.001). Heart rate increased 
from 70 + 10 to 82 + 12 beats/min (p <0.001) and 
cardiac index from 3.4 + 0.5 to 4 + 0.7 liters/min/m? 
(p <0.001); double product was unchanged (10.2 + 12 
vs 10.5 + 2, mm Hg X beats/min). In addition, coro- 
nary sinus flow -ncreased from 112 + 47 to 139 + 4&3 
ml/min (p <0.C5) and coronary resistance decreased 
from 1.04 + 0.40 to 0.74 + 0.23 mm Hg/ml (p <0.01). 
The left anterio- descending coronary artery diameter 
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dilated from 2.71 + 0.9 to 3.02 + 0.5 mm (p <0.001) 
and the left circumflex artery diameter increased from 
2.36 + 0.3 to 2.68 + 0.4 mm (p <0.001). 

Individual percent changes from baseline control af- 
ter nifedipine are listed in Table I. 

These data show that the coronary vasomotor re- 
sponse was neither related to changes in systemic pres- 
sure and flow nor to myocardial oxygen demand (as re- 
flected by the rate-pressure product). A positive correla- 
tion (r = 0.65, p <0.01, Figure 1) was found between 
changes in coronary flow and changes in diameter of 
the left coronary arteries (average of variations of 
the left anterior descending and left circumflex artery 
lumen). 

Plasma norepinephrine increased from 198 + 79 to 
282 + 83 pg/ml (p <0.01). These variations inversely 
correlated with those in coronary flow (r = —0.70, p 
<0.01, Figure 2), and not with those in coronary lumen 
diameter (r = -0.45, p >0.1). 

Effort test response to nifedipine: The total ST-seg- 
ment shift on exercise in the baseline was 8.8 + 4.1 mm 
and was decreased to 7 + 6.8 mm (p <0.03) after short- 
term nifedipine administration ard to 4.4 + 3.5 mm (p 
<0.03) after long-term treatmenz. Six out of 18 (33%) 
and 10 out of 18 (55%) patierits showed a normal elec- 
trocardiographic response to exertion in short- and long- 
term evaluation, respectively. Individual electrocardio- 
graphic responses to effort test are shown in Figure 3. 
Changes in ST-segment shift after short-term calcium- 
channel blockade correlated with changes in coronary 
blood flow (r = 0.83, p <0.001, Figure 4) but not with 
those in coronary lumen diameter (r = 0.45, p >0.1). 

The rate-pressure product at peak exercise slightly 
increased after both short-term (25.5 + 6.3 vs 27.5 + 
4.5 mm Hg X beats/min, difference not significant) 
and long-term nifedipine therapy (27.1 + 4.1 mm Hg X 
beats/min, difference not significant). 

All patients had angina pectoris at peak exercise in 


r=-,70 p<0.01 


FIGURE 2. Plot of 
changes of coronary sinus 
flow (% A CSF) versus 
changes of norepineph- 
rine plasma concentration 
(% A NE) after 10 mg 
sublingual nifedipine. 


the untreated condition, whereas it occurred in 11 of 18 
(61%) and in 6 of 18 (33%) patients after short- and 
long-term therapy, respectively. 

Norepinephrine plasma concentration, as compared 
to the short-term therapy step, decreased from 279 + 
82 to 176 + 54 in 6 patients who further improved their 
ST response to exercise or was unchanged (211 vs 218 
pg/ml) in the single patient whose exercise performance 
was steady. 

In the 10 patients who were switched to placebo af- 
ter the active phase of treatment, both symptoms and 
electrocardiographic changes on exertion invariably re- 
verted to baseline (Figure 3). 


25 


20 


FIGURE 3. Individual 
electrocardiographic re- 
sponses to exercise (total 
ST-segment downsloping 
[mm] in baseline (B), after 
10 mg sublingual nifedi- 
pine (A), after long-term 
nifedipine treatment (L) 
and after placebo (P, 10 
patients). Open circles in- 
dicate patients showing a 
negative exercise stress 
test response (<1 mm ST- 
segment depression dur- 
ing exercise and/or recov- 
ery phases) after the 
drug. Triangles represent 
the means. 
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DISCUSSION 

Acute vasomotion and therapeutic effects: Calci- 
um-channel blockade with nifedipine promoted an over- 
all moderate clinical improvement in patients with syn- 
drome X. The mechanism underlying benefits of this 
drug in the presence of normal coronary angiograms is 
not easily understood. Coronary vasodilatation with in- 
creased blood flow has been postulated by Cannon et 
al. In our patients, nifedipine attenuated the anginal 
symptoms as well as the ST shift on effort despite a 
slight increase in the rate-pressure product (an index of 
myocardial oxygen demand).!* This suggests that the 
advantages of the drug may be mediated through an 
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TABLE I Individual ?ercent Changes from Baseline After Nifedipine 


Age (yr) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


ADd = anterlor descending diameter; Cl = cardiac index; CF = coronary flow; CR = coronary resistance; CXd = circumfiex diameter: DBP = diastolic blood pressure; DP = double 
product; HR = heart rate; _VECP = left ventricular end-diastolic pressure NE = norep ephrine: SBP = systolic blood pressure; SD = standard deviation; SVR = systemic vascular 


resistance. 


increase in myocardial blood flow rather than tarough e 
decrease of metabolic requirements. The coronary vaso- 
motor response t rifedipine supports this interpreta- 
tion. In fact, the drug increased coronary vascular lu- 
men and total blood flow. Moreover, there was an evi- 
dent relation between the coronary flow response and 
the ST-segment shift during exercise. Modifications cf 
the lumen of the great epicardial vessels, on the cor- 
trary, did not appear to be related to changes in exercis2 
stress performance, reinforcing the concept that micrc- 
rather than macrocirculation is disordered in syndromes 
X. 

In a few cases, calcium-channel blockade did not irr- 
prove or made worse the response to stress test. In these 


FIGURE 4. Piot of 
changes of coronary sinus 
flow (% A CSF) versus 
changes of total ST-seg- 
ment shift during exercise 
(% A ST) after 10 mg 
sublingual nifedipine. 
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cases, at equal changes in coronary perfusion pressure 
and double-product, coronary blood flow was un- 
changed or decreased, resistance was steady or in- 
creased and norepinephrine was modestly or greatly 
augmented. There is evidence in the literature!>~!° that, 
under certain circumstances, sympathetic activation or 
exogenous norepinephrine may overshadow metabolic 
coronary vasodilaticn and result in an increase of resis- 
tance and a decrease of myocardial blood flow. We have 
also reported that a reflex sympathetic stimulation may, 
in some cases, counterbalance and even offset the vaso- 
dilating properties cf the calcium antagonist, nifedipine, 
and promote coronary vasoconstriction.”° In this study, 
changes in norepinephrine plasma levels after nifedipine 


r=.83 p:0.001 





rd 


inversely correlated with changes in coronary blood 
flow, suggesting that, in the setting of an increased cor- 
onary sensitivity to constrictor influences, adrenergic 
factors may limit the vasodilating and the therapeutic 
response to calcium-antagonist treatment. 

Long-term efficacy: The therapeutic efficacy of ni- 
fedipine was found further improved at the long-term 
evaluation. Differences in the peak exercise workload 
and double product did not account for this improve- 
ment. Interestingly, electrocardiographic improvement 
was coupled with a decrease in circulating norepineph- 
rine, whereas a less pronounced ST shift was associated 
with no change in norepinephrine. This suggests that 
nifedipine, when given for a long period of time, atten- 
uates or loses its capability to activate the adrenergic 
nervous system,?!?? so that the unopposed coronary 
vasodilating effect facilitates further clinical improve- 
ment. 

Limitations of the study: The lack of a double-blind 
control design is an obvious limitation to the conclusions 
of this study. However, syndrome X still represents a 
heterogenous and poorly defined clinical entity, making 
it hard to select an appropriate control group for angio- 
graphic evaluation. On the other hand, using each pa- 
tient as his or her own control would have excessively 
prolonged the duration of the study. Since clinical and 
electrocardiographic parameters reverted to baseline in 
the 10 patients who were switched tc placebo after com- 
pletion of the active drug treatment, a therapeutic influ- 
ence of nifedipine is more likely than a spontaneous 
variability of the disease.?° 

Conclusions: Nifedipine appears to be beneficial in 
patients with syndrome X. A decrease in coronary tone 
is most likely involved in these effects; an excessive ad- 
renergic reaction to nifedipine may limit the benefits or 
even be detrimental in some patients; such an occur- 
rence tends to attenuate during long-term treatment. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 





Relation Between Ventricular Late Endocardial 


Activity During Intraoperative Endocardial 





Mapping and Low-Amplitude Signals Within the 


Terminal QRS Complex on the Signal-Averaged 
Surface Electrocardiog ram 


Hans-Joachim Sohwarzmaei, MD, Ulrich Karbenn, MD, Martin Borggrefe, MD, 
Jörg Ostermeyer, MD, and Günter Breithardt, MD, 
_ with the technical assistance of Klaus Balkenhoff 


Noninvasive recerding of voutricslar late potentials 


and intraoperative endocardial mapping at 36 sites 
were performed in 24 patients with left ventricular 
aneurysm aad drug-resistant sustained ventricular 
tachycardia due to coronary artery disease. Their 
mean age was 55 + 8 years. Mean ejection fraction 
was 28 + 12%. For detection of late potentials on 
the signal-averaged QRS complex, 3 different algo- 
rithms were used. Late potentials were found in 
54, 67 and 67% of the patients, respectively. In 
patients with a late potential on the signal-aver- 
aged electrocardiogram (ECG), delayed local acti- 


vation (>40 ms.beyond the QRS complex on the in- . 


traoperative surtace ECG) was recorded at 5.5, 5.5 
and 5.6 endocardial sites. In patients withost a late 
potential, this tyze of delayed local activation was 
detected at 2.4, 1.1 and 0.9 of 36 endocardial — 
sites, respectively (p <0.05; p <0.01; p <0.D02). 
The mean delay pf local endocardial activity was 
38, 35 and 37 ms in patients with a late potential 
on the body surface recording versus 20, 19 and 
11 ms, respectively, in patients without a late po- 
tential (p <6.05; p <0.05; p <0.002). There was nc 
correlation betw2en the duration or amplitude of 
the late potentia , if present, and the number of en- 
docardial sites exhibiting delayed activity (r = 
—0.23, r = —0.05, r = 0.21; correlation not signifi- 
cant for each) or the mean duration of the endocar~ 
dial delayed activity (r = —0.25, r = —0.14,r = — 
—0.07; correlatien not significant for each). These 
results indicate that the presence of late potentials 
on the signal-averaged surface ECG is related to 
the mean duratien of endocardial late activity as 
well as to the number of endocardial sites exhibit- 
ing a given degree of delayed activation. Thus, it is 
dependent on the mass of slowly activated tissue. 
However, a direct conclusion from the durafion or 
the amplitude of a late potential to the amount of 
delayed activaticn or the extent of endocardial time 
delay does not s2em possible. _ 

(Am J Cardiol 1990;66:308-—314. 
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activity that can be recorded from areas of previ- 

‘+ gus myocardial infarction in patients with and 
without documented ventricular tachycardia.!* These 
potentials represent electrical activity from areas of slow 
conduction and predispose to reentrant tachyarrhyth- 
mias. Ventricular late potentials that can be recorded 
from the body surface using appropriate recording tech- 
niques are supposed to represent electrical activity origi- 
nating from these areas. However, there is a paucity 


Vase late potentials represent low-amplitude 


of data comparing direct intraoperative or catheter- 


mapped endocardial recordings from the area of the 
previous ‘myocardial infarction to late potentials at the 
body surface. Therefore, the aim. of this study was to 
correlate the results of direct intzaoperative recordings 
of late activity from. this area to low-amplitude signals 


- on the signal-averaged electrocardiogram (ECG).. The 


detection of late potentials on the body surface using the 
signal-averaging technique may be influenced by unsta- 


ble triggering and inconstant nois= level. Another deter- 


minant is the algorithm used to d2fine the presence of a 
late potential.* Despite the similarity of the morphologic ` 
appearance of low amplitude signals as recorded with 
the various systems, the final results of analysis may be 
different depending on the algorithms used.’ Therefore, 
we used 3 different algorithms to detect late potentials 
on the signal-averaged surface ECG. . 


METHODS 

Patients: Twent) y-four patients with chronic recur- 
rent sustained ventricular tachycardia or ventricular fi- 
brillation, or both, were studied. Mean age was 55 + 8 
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years. Nineteen patients were men. All patients had a 
left ventricular aneurysm after previous anterior wall in- 
farction. In 10 patients, the occlusion of the left anterior 
descendent coronary artery was the only location of cor- 
onary artery disease. In another 19 patients, 2-vessel 
disease was present with the right coronary artery as 
well as the ramus circumflexus, each being involved in 5 
cases. The remaining 4 patients exhibited 3-vessel dis- 
ease. Mean angiographically determined ejection frac- 
tion from a right anterior oblique view was 28 + 12%. 
The median number of previous defibrillations was 3 
(range 0 to 10). In all patients, sustained ventricular 
tachycardia could be induced during the baseline elec- 
trophysiologic study. The mean cycle length of the in- 
duced ventricular tachycardia was 332 + 72 ms. The 
induction of sustained ventricular tachycardia was 
achieved during basic drive by single premature stimuli 
in 3 cases and by double premature stimuli in the re- 
maining cases. To allow intraoperative localization of 
the site of origin of ventricular tachycardia by pro- 
grammed stimulation, patients did not receive antiar- 
rhythmic drugs, while 2 patients still had significant 
antiarrhythmic blood concentrations after cessation of 
amiodarone therapy. 

Coronary angiography and biplane left ventriculog- 
raphy were performed to establish the nature of the un- 
derlying cardiac disorder. The baseline electrophysiolog- 
ic study was performed using 3 to 4 multipolar electrode 
catheters that were introduced percuteneously and posi- 


LATE ENDOCARDIAL ACTIVITY 
BEYOND QRS 
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aoni under fluoroscopy, as reported in detail previous- 
ly.® 

Intraoperative endocardial mapping was performed 
in the area of the previous myocardial infarction using 
the recording system previously described.®? A multipo- 
lar reference electrode was sutured to the anterior wall 
of the right ventricle. After instituting normothermic 
cardiopulmonary bypass, local endocardial electrical ac- 
tivity was recorded through an incision in the center of 
the left ventricular aneurysm. All recordings were done 
using a tripolar, hand-held probe with an interelectrode 
distance of 1.5 mm. The tripolar hand-held probe was 
moved clockwise for 3 circles around the endocardial 
surface of the anterior wall aneurysm. The circle closest 
to the incision was considered .as circle I whereas the 
circle at the borderline to the macroscopically identified 
normal myocardium was considered as circle III. The 
“clockface” orientation used the base of the heart as 12 
o'clock. Local signals were recorded from 12 sites on 
each of the 3 circles, yielding a total number of 36 sites. 
The following signals were recorded using an 8-channel, 
direct-writing, ink-jet recorder (Siemens-Elema, Mingo- 
graph): lead I and III, the bipolar signal from the multi- 
polar reference electrode, and 3 bipolar signals from the 
tripolar hand-held probe as well as a time-reference sig- 
nal. The onset of a bipolar signal was taken at the point 
where the upstroke from the baseline reached an angle 
of 45° as suggested by Scherlag et al.!° All recordings 
were placed on a Hewlett-Packard 9111 A graphics 
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FIGURE 1. Comparison between endocardial late activity and a noninvasively recorded late potential on the signal-averaged 
electrocardiogram in the same patient. Endo = endocardial lead; LA = delayed endocardial activity. 
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TABLE Í Late Po-entials on the Signal-Averaged ECG (3 
different algo-ithms) and Delayed Endocardial Activity 










Delayed 
Endocardial 











Activity 
in Intraoperative 
Mapping 
Late Potential >n Signal-Averaged ECG 
tt Mean 
Definition (1) Definition (2) Definition (3) LAssoms LA 
Vao) TAO aV LP duration Sites Duration 
(ms) (ms) (n) (ms) 








1* NoLP No _P No LP 0 13 
2 NolP No LP No LP 0 8 
3  NoLP No LP NoLP 0 14 
4 NoLP No LP No LP 0 18 
5 NoLP Nc LP No LP 4 27 
6 NoLP No LP No LP 3 21 
7 NoLlP No LP No LP 0 9 
8* NoLP No LP 18 2 42 
9 NoLP 30 19 2 13 
10 NoLP 35 25 2 22 
11 NoLP 31 27 13 40 
12 24 32 No LP 0 7 
13 22 39 25 2 108 
14 21 33 24 3 28 
15 20 38 31 7 40 
16 19 38 37 7 43 
17 lil 61 39 16 50 
18 10 116 32 2 21 
19 7 S6 49 10 40 
20 7 €7 58 9 38 
21 5 £2 42 3 29 
22 5 52 42 5 21 
23 4 55 36 5 25 
24 4 105 70 2 36 











* After cessation of amiocarone therapy. 
LAs aoms = lozal late-endo cardial activity for >40 ms beyond the end of ORS; mean 

LA = mean duration o endocardial delayed activity beyond ORS; LP = late potent&!; 

V = voltage; T = time. 

For details of definitons, see text. 






tablet for further analysis. Points of interest were ideati- 
fied as describ2d below and digitized using a specially 
written program on a Hewlett-Packard 9826 compuer. 
The data of at least 3 consecutive cycles were measured 
and averaged. The following definitions were used for 
the endocardia: recordings (Figure 1): (1) the duration 
of the local endocardial. signal, i.e. the interval between 
the onset and the end of thé local signal; (2) the dura- 
tion of the surface QRS complex in lead I end III (.e., 
the.interval berween the earliest onset and the latest 2nd 
at each site of recording); and (3) the local delayed. ac- 
tivity (i.e., that part of the local signal that extends be- 
yond the end of the QRS complex on the intraoperative 
surface ECG). 

Signal-averaging was performed in all patients be- 
fore uridergoing surgery. For recording and subsequent 
processing of the signals obtained from the orthogonal 
ECG leads (%,Y,Z), the software program developed 
by Simsen!! was implemented on a Hewlett-Packard 
desktop computer (model 9826). Signal averaging was 
performed during normal sinus rhythm. Typical roise 
level was 0.7 uV. At least 50 beats were averaged 

The following parameters were evaluated (high pass 
filter setting 25 Hz): (1) the voltage in the termine] 40 
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ms of the signal-averaged and filtered QRS complex: 
V(40y!!; (2) the time backwards from the end of the sig- 
nal-averaged and filtered QRS complex to the point in 
time where the signal exceeded 40 uV during retrograde 
analysis: T-40 uV'*; and (3) the duration of the late 
potential as estimated by a specially designed algorithm 
that detected the transition point between high-ampli- 
tude and low-ampitude signals within the terminal 
QRS complex. The duration of a late potential was then 
defined by the tims measured from this point to the 
point where the sigr.al again reached the isoelectric line: 
LP duration.!3 

A late potential was considered to be present if one 
of the following definitions was true: definition (1): 
V (40) <25 uV; definition (2): T-40 nV 230 ms; or defi- 
nition (3): LP duration >10 ms. 

Statistical analysis: For comparison of endocardial 
data in patients with and without a late potential on the 
signal-averaged su-face ECG, statistical analysis was 
performed by the Wilcoxon’s test for unpaired observa- 
tions. The relation of endocardial data to the duration 
or amplitude of late potentials, if present, was analyzed 
by linear regression analysis. 


RESULTS 

Signal-averaging of the surface ECG and intraoper- 
ative endocardial mapping were performed in all 24 pa- 
tients. A typical example of the results of endocardial 
recording versus tie signal-avecaged ECG is shown in 
Figure 1. The data are listed in Table I. 

Signal-averaging: Late potentials were found in 13 
patients (54%) using definition 71), in 16 patients (67%) 
using definition (2) and in 16 patients (67%) using defi- 
nition (3). Any of these definitions was met in 17 of 24 
patients (71%). The lower inc:dence of late potentials 
compared to othe- studies may be due to the predomi- 
nantly high rate of ventricular tachycardia. 

Intraoperative mapping: Endocardial local late ac- 
tivity was found in all patients. The mean number of 
sites at which late activity was recorded was 16 + 9. 
Late activity exceeding the QRS complex for >10 ms 
was found at 10.4 + 7.3 sites and for >20 ms at 7.8 + 
6.6 sites. Endocardial late activity lasting >30 ms after 
the end of the QRS complex was found at 5.2 + 5.2 
endocardial sites and lasting for >40 ms beyond the end 
of the QRS complex at 4.0 + 4.3 sites, respectively. 
Local delayed endocardial actrvity exceeding the end of 
the QRS complex for >50 ms was only found at 2.4 + 
2.9 sites. 

Relation between intraoperatively recorded focal 
late endocardial activity and signal-averaged electro- 
cardiogram: The number of sites at which endocardial 
activity exceeded the end of tae QRS complex was not 
significantly different in patients with and without late 
potentials on the signal-averaged ECG. This was also 
the case if the number of sites with endocardial activity 
exceeding the erd of the QRS complex by >10 or 20 
ms, respectively, was correlated to the presence or ab- 
sence of late potentials. In contrast, the number of endo- 
cardial sites with local activity that exceeded the end of 
the QRS complex by >30 ms was significantly greater 


TABLE II Differences in Number of Sites With Delayed 
Endocardial Activity af a Given Degree in Patients With and 
Without Late Potentials on the Signal-Averaged ECG, 
Respectively (3 different algorithms) 


No. of Sites with Delayed Activity 
(patients with versus without late potential) 


any >ldms >20ms >30ms >40ms >50ms 


Definition (1) 
Definition (2) 
Definition (3) 





in patients with late potentials compared to those with- 
out for definition (2) (p <0.05) and definition (3) (p 
<0.02). Local delayed endocardial activity appearing 
>40 ms after the end of the QRS complex was found at 
more sites of recording in patients with than in patients 
without late potentials in the signal-averaged ECG in- 


FIGURE 2. Number of sites exhibiting jo- 
cal endocardial late activity for >40 ms 
beyond the intraoperatively recorded sur- 
face electrocardiogram in patients with 
(dotted bars) and without (white bars) a 
late potential on the signal-averaged 
electrocardiogram, as based on the 3 
different definitions used. 


Definition (1) 
p<0.05 


FIGURE 3. Mean duration of endocardial 
activity in patients with (dotted bars) and 
without (white bars) a late potential on the 
signal-averaged electrocardiogram, as 
based on the 3 different definitions used. 


Definition (1) 
p<0.05 


dependent of the definition used (Figure 2). In detail, 
patients who met definition (1) had delayed activity 
lasting for >40 ms after the end of the intraoperatively 
recorded QRS complex at 5.5 + 4.4 sites whereas, in 
the remaining patients, delayed activity was found at 
only 2.4 + 3.8 sites (p <0.05). Using definition (2), this 
type of delayed activity (>40 ms after QRS) was re- 
corded at 5.5 + 4.5 sites in patients with but at only 1.1 
+ 1.6 sites in patients without late potentials (p <0.01). 
Patients with late potentials based on definition (3) pre- 
sented delayed local activity for >40 ms after QRS at 
5.6 + 4.3 sites versus 0.9 + 1.6 sites in those without (p 
<0.002). The number of sites with delayed activity >50 
ms after the end of QRS was correlated to the presence 
of late potentials with respect to definition (1) (p 
<0.05) and definition 3 (p <0.05) but not for definition 
(2) (difference not significant for each) (Table II). The 
lack of correlation in the latter instance may be due to 
the fact that long delays of this duration were rare. In 


Averaging 


C] norma! 
[°] Pathological 


Definition (2) Definition (3) 
p<0.01 p<0.002 


Averaging 
[J normat 
[°] pathologica 


Definition (2) 
p<0,05 


Definition (3) 
p<0.002 
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patients with late >otential following definition (1), the 
mean duration of local late activity was 38 + 25 ms 
compared to 20 + 12 ms in patients without (p <0.05). 
Following definiticn (2), the mean duration of endocar- 
dial late activity vas 35 + 23 ms. In patients who did 
not meet this de-inition, the mean endocardial delay 
was 19 + 11 ms (p <0.05). Using definition (3), the 
mean duration of he endocardial delay was 37 + 21 ms 
in patients with = late potential versus 11 + 7 ms in 
patients without ( <0.002) (Figure 3). 

However, ther:. was no correlation between tne dura- 
tion or amplitude of a late potential, if present, and the 
number of sites e-hibiting local late endocardial activa- 
tion (definition C1), r = ~0.23; definition (2), r = 
—0.05; definition (3), r = 0.21, correlation no: signifi- 
cant for each) (Faure 4). There was also no correlatior 
between the measired duration or amplitude of the late 
potential and the mean delay of local late encocardia_ 
activation (definition (1), r = —0.25; definition (2), r = 
—0.14; definition 13), r = —0.07, correlation nct signifi- 
cant for each) (Figure 5). 


DEFI NTION (1) 


sites 


LAs4oms 


DEFIMITION (2) 





DISCUSSION 

Low-amplitude fractionated signals after the termi- 
nal QRS complex can often be recorded by signal-aver- 
aging techniques in patients with coronary artery dis- 
ease after previous myocardial infarctions. Low-ampli- 
tude fractionated endocardial activity was also detected 
in epicardial registrations in animal models,?:!4+-!’ as 
well as during endocardial catheter mapping and intra- 
operative epicardial registrations in man.>!8-24 Since 
there is only limited information evailable on the corre- 
lation between direct intraoperative recordings of de- 
layed endocardial activity from the area of previous 
myocardial infarction and late potentials on the signal- 
averaged ECG, the aim of this study was to compare 
both approaches. 

We report 2 major findings. First, the presence of 
late potentials was correlated to the number of sites 
with endocardial local delayed activity beyond a given 
degree as well as to the mean duration of endocardial 
late activity. Second, the amplituce or duration of a late 
potential, if present, was not correlated to the number of 


DEFINITION (3) 
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FIGURE 4. Correlation between number of endocardial sites 2xhibiting local late endocardial activity extending beyond the QRS 
complex in the intraoperatively recorded surface electrocardiegram for >40 ms (LA; .49,,,) and the duration or amplitude, respec- 
tively, of the fate potentials on the signal-averaged electrocardiogram (3 different algorithms). LP-DUR = late potential duration. 


DE -INITION (1) 


DEFINITION (2) 





DEFINITION (3) 


FIGURE 5. Corre-ation between the mean duration of endocardial late activity beyond the intraoperative recorded surface 
electrocardicgran and the duration or amplitude, respective-y, of late potentials on the signal-averaged electrocardiogram (3 
different algorithms). Abbreviation as in Figure 4. 
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delayed activated endocardial sites or to their mean de- 
lay. 

Local endocardial late activity may exceed the end 
of the signal-averaged QRS complex at a given site of 
recording to varying degrees.**! This was also shown in 
this study, since the duration of local activity at some 
endocardial sites of recording was definitely longer than 
that on the body surface ECG. An explanation may be 
that signal-averaging leads to cancellation of at least 
part of the signal due to jitter of the trigger point, filter 
attenuation or the presence of undulating levels of 
noise.*> Although this cannot be ruled out on the basis 
of the present study, an alternative explanation may be 
more probable. The good correlation between the pres- 
ence of late potentials on the signal-averaged ECG with 
the number of sites exhibiting a given degree of local 
endocardial delay leads to the conclusion that the detec- 
tion of a late potential depends not only on the duration 
of delayed activity but also on the mass of abnormal! 
myocardial tissue activated with a given delay. This is 
supported by the animal experiments showing that mass 
was a critical factor for the detection of delayed activat- 
ed myocardial tissue at the body surface.!’ 

Simson et al? studied the relation between late po- 
tentials at the body surface and directly recorded frag- 
mented electrograms in 8 patients with and 11 patients 
without ventricular tachycardia. All patients had left 
ventricular endocardial catheter maps. Patients with a 
late potential on the signal-averaged ECG exhibited a 
significantly higher percentage of fractionated endocar- 
dial electrograms during the last 40 ms of the signal- 
averaged QRS complex (68 vs 17%, p <0.001). In the 
patients, who were operated upon, epicardial mapping 
was performed. Fragmented electrograms were rarely 
found during intraoperative epicardial mapping. If pres- 
ent, they were found exclusively within areas of previous 
infarction. In a subsequent report from the same group, 
Vassallo et al?! obtained signal-averaged ECGs and en- 
docardial catheter mapping in 41 patients with coronary 
artery disease and sustained ventricular tachycardia. 
Patients with signal-averaged late potentials had a sig- 
nificantly greater number of sites of late activity during 
catheter mapping of the left ventricle. These were later 
and longer in duration than in patients without late po- 
tentials on the signal-averaged ECG. 

Miller et alô studied 50 patients with anteroapical 
left ventricular aneurysms due to prior myocardial in- 
farction at the time of aneurysmectomy. Forty-four of 
these patients had inducible ventricular tachycardia 
during intraoperative electrical stimulation. These pa- 
tients exhibited more fractionated electrograms than the 


remaining 6 patients without inducible ventricular 


tachycardia (20 + 14 vs 9 + 7% of electrograms; p 
<0.04). The investigators concluded that differences be- 
tween groups of patients with versus without inducible 
ventricular tachycardia exist that are more quantitative 
than qualitative in nature. The present study also docu- 
mented a relation between the duration of local delayed 
activity and the presence of late potentials. In patients 
with a late potential on the signal-averaged surface 


ECG, the mean endocardial delay was significantly 
longer than in patients without it. 

Several possibilities have been discussed to evaluate 
a correlation between the duration or amplitude of a 
late potential on the signal-averaged surface ECG and 
the delayed endocardial activation areas. In this study, 
we could not find any significant correlation between 
the delayed endocardial activation and the duration or 
amplitude of a late potential, if such was present. This 
may be due to the registration techniques used. How- 
ever, it seems to be more probable that parts of the en- 
docardial signals are too low in amplitude, or the mass 
of tissue is too small to allow the recording of its de- 
layed activity on the body surface or even at the epicar- 
dium. This explanation is supported by the finding that 
already epicardial registrations of fragmented signals do 
not necessarily correspond to the endocardial registra- 
tion.!? This would also explain the observation made by 
Simson et al,* who found 88% of fractionated signals in 
the endocardial recordings even though more epicardial 
than endocardial sites were sampled. 

All these reports as well as the present study show 
that the presence of a late potential is significantly relat- 
ed to the duration as well as to the amount of delayed 
endocardial activity. However, neither the amplitude 
nor the duration of a late potential allows a direct con- 
clusion to the mass or the mean delay of endocardial 
late activity. 

Limitations: Due to the limited registration time 
during cardiopulmonary bypass, the areas mapped were 
restricted to 36 predetermined endocardial sites, which 
is certainly this study’s main limitation. To obtain a 
maximum of information about the zone of primary in- 
terest, we preferred to focus on the area of the previous 
myocardial infarction instead of mapping the whole left 
ventricle or including epicardial sites, which would have 
decreased the information about the target area to a 
degree most probably insufficient to provide the per- 
formed type of analysis. This may have underestimated 
the extent of delayed endocardial activation, especially 
with regard to the macroscopical identification of this 
area. However, the fact that in all patients the circle at 
the borderline to normal tissue indeed showed predomi- 
nantly normal activation patterns suggests a quite com- 
plete examination of the zone of interest. The high 
amount of information from the area of previous myo- 
cardial infarction is certainly the main advantage of this 
type of analysis. This is also true compared with endo- 
cardial catheter mappings, which often fail to get a suf- 
ficient great number of predetermined endocardial sites 
in this area. Additionally, endocardial catheter mapping 
can only be performed in patients with tachycardias 
providing a sufficiently stable hemodynamic situation, 
which leads to a certain patient selection. Focussing on 
the area of previous myocardial infarction might also 
explain that, contrary to other investigators?! who also 
examined potentially normal areas, we found a compar- 
atively large number of sites exhibiting endocardial late 
activity. Another limitation is due to the changes in am- 
plitude and morphology of the QRS complex after tho- 
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racotomy and especially after ventriculotomy. This 
causes changes in the amplitude and duration of the 
QRS complex in the extremity leads, which may appear 
shorter than with all 12 leads available. This may have: 
slightly overestimated the duration of local delayed 
activity. 
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CONGESTIVE HEART FAILURE 





_ Studies of Left Ventricular Dysfunction 
(SOLVD)—Rationale, Design and Methods: 
Two Trials That Evaluate the Effect 
of Enalapril in Patients 
with Reduced Ejection Fraction 


The SOLVD Investigators* 


The Studies of Left Ventricular Dysfunction l 
(SOLVD) is an extensive program of research that 
has 3 components. (1) Two large double-blind ran- 
domized trials evaluate the effects of enalapril on 
mortality, morbidity and quality of life of patients 
with left ventricular (LV) dysfunction with overt 
congestive heart failure (CHF) (Treatment Trial in 
2,500 patients) and without overt CHF (Prevention 
Trial in 4,600 patients). (2) Seven detailed sub- 
studies evaluate the effect of enalapril on a number 


-of intermediate outcemes such as right and LV 


function and hemodynamics, LV mass and wall 
stress, hormones, arrhythmias, exercise capacity 
and quality of life in subsets of patients in the 2 
large trials. (3) Finally, a registry of 6,336 patients 
with congestive heart failure or LV dysfunction is 
designed te describe the clinical course of an un- 
selected group of patients. The rationale and design 
of a tiered approach to clinical trials that are large 
enough to provide reliable information on mortality 
and morbidity, yet provide relevant information on 


other endpoints, are described. 


_ (Am J Cardiol 1990;66:315~-322) 


increasingly recognized public health problem. It 

has beén estimated that approximately 2 million 
Americans have CHF and approximately 250,000 new 
cases are diagnosed each year.'! Moreover, since the 
prevalence is known to increase with age, increases in 
the average life expectancy would be expected to result 
in a higher prevalence of patients over the next few de- 
cades.! The mortality among CHF patients is reported 


(rasin heart failure (CHF) is a major and 


to be between 10 and 20%/year, so that about 200,000 


to 400,000 deaths/year can be attributed to CHF in the 
US. Worldwide the number of deaths may be between 1 
and 2 million/year. | 

The recognition that patients with CHF often have 


‘elevated peripheral vascular resistance has led to the in- 


troduction of vasodilator therapy, which has emerged as 
an ‘important component of its treatment. Of the vaso- 
dilators, the angiotensin-converting enzyme (ACE) in- 
hibitors appear, to be the most promising, since they 
counteract some of the major adverse hormonal and va- 
soconstrictor mechanisms, relieve symptoms, diminish 
cardiac dilatation after myocardial infarction? and im- 
prove exercise capacity and ejection fraction in short- 
term (<3 months) controlled, randomized, double-blind 


studies.’ 


In 1985 little was known about the impact of any 


_ long-term drug treatment on survival. An overview‘ of 
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several small short-term randomized trials of ACE in- 
hibitors suggested a favorable trend toward a lower 


- mortality but the data were too limited to allow reliable 


conclusions. Consequently, the Studies of Left Ventricu- 
lar Dysfunction (SOLVD) were designed chiefly to ad- 
dress this issue. Since the design of SOLVD, the results 
of 2 new studies have become available. 

The Cooperative North Scandinavian Enalapril Sur- 
vival Study’ was a randomized double-blind trial evalu- 
ating the effect of enalapril on patients with severe 
CHF (New York Heart Association functional class IV 
despite the use of other therapy). This trial was stopped 
after only 253 of the 400 planned patients were enrolled 
because of a significant decrease in 6-month mortality 
in the enalapril.group. There were 68 deaths among 126 


- placebo patients compared to 50 among 127 in the ena- 
_lapril group (a 27% risk reduction, 95% confidence in- 


tervals of 4 to 44%, p <0.003). It is likely that the study 


was stopped at a time when the results were exagger- 
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TABLE I Exclusion Criteria 





Medical history of into'2rance <o enalapril. 


Participant Eligitility ard Exclusion Criteria, Screening and Prerandomization Visits 





Prospective participar- alread z receiving an ACE inhibitor and unable to Gscontinue. 


Myocardial infarction in the last 30 days. (This is only a temporary exclusion.) 


Hemodynamically significant primary valvular or outflow tract sbstructiou (e.g., mitral valvular stenosis, a>~tic valvular stenosis, asymmetric septal 


hypertrophy or mal-unction ng prosthetic valve). 
Constrictive pericardit s. 
Complex congenital heart disease. 


Syncopal episodes presurred to be due to life-threatening arrhythmias (asymptomatic cardiac arrhythm é including ventricular tachycardia are not an 


exclusion criterion). 


Any prospective participant in whom cardiac surgery including transplantation is likely in the near future (2 g., participant's name is on cardiac 
transplant list). In particular if a potential participant is likely to need C4BG surgery in the immediate future, he/she should be excluded but can be 


reassessed fcr eligibility after surgery. 


Unstable anging pectoris (defined as angina at rest) or severe stable angina (more than an average of 2 attacks /day) despize treatment. 
Uncontrolled hypertension at the time of randomization (uncontrolled bbod pressure is defined as systolic blood pressure >140 mm Hg AND diastolic 


blood pressure >95 mm: Hg). 
Cor pulmonale ‘right ventricu ar failure secondary to puimonery disease_ 


Advanced pulmonary disease (FEV; / FVC = <50, peak expirazory flow rete <200 ml/s, FVC <60% of predicted). 

Major neurolog c diseases thet could lead to early death (i.e., Alzheimer’: disease, advanced Parkinson's cisease). 

Cerebrovascular disease (2.g., significant carotid-artery stencsis) that cculd potentially be complicated cr rendered unstatle by administration of an 
ACE inhibitor. (Prospective participants who may be at increased risk or stroke should their blood pressure decrease excessively. The mere 


presence of a carot d bruit need notin itself exclude participants.) 


Collagen vascu ar disease other than rheumatoid arthritis (i.e., systemicdupus erythematosus, polyarterts nodosa, scleroderma). 


Suspected significant renal artery stenosis. 
Renal failure (i.2., creatinine >2.5 mg/di or dialysis patients). 


Malignancies, except “or surg cally cured skin cancer, carcinona-in-situ, or 5 years free of disease after th2 diagnosis of sol d tunors. 
Requirement for immunosuporessive therapy. (The use of steroids for non-life-threatening diseases such as arthritis is notan exclusion.) 


Active myocarditis. 
Significant primary livar ciseese. 


Likelihood of a prosp=ctive participant being nonadherent die to chroni alcoholism, lack of a fixed address, drug addiction, etc. 

Other life-threatening disease or prospective participant whe is not realistically expected to be dischargec alive from the hospital. 
Pregnant woren or woman of child-bearing potential who is tot protecced from pregnancy by any methcd. 

Prospective perticipant viho s simultaneously receiving othe- investigatonal drug protocols (other than for compassionate use). 


Failure to give consert. 


ACE = angiotersin-corverting enzyme; CABG = coronary artery bypass grafting; FEJ; = forced expiratory volume]; FVC = torced vital capacity 





ated, so tha: it is possible that the real effect may wel 
be more modest. In this trial only 194 patients were 
followed up to 6 months and only about 102 beyond 1 
year. Further, the proportion of deaths after the first 3 
months appeared to be similar in the enalapril and com- 
trol groups. Therefor2, data on long-term 2ffects of 
ACE inhibicors on mortality when administered beyord 
about 6 months are lacking, particularly in patients wLo 
are mildly symptomatic or asymptomatic. 

In the Veterans Administration Vasodilator Heart 
Failure Trial® a lower mortality was observed. when hy- 
dralazine and isosarb:de dinitrate rather than placebo 
were added to digoxin and diuretic therapy in patierts 
with class II and Il] CHF. Since only 459 patients were 
randomized to these treatment arms, the mortality d-f- 
ference was not statistically significant (p = 0.93). Mo 
benefit was observed in the group randomizec to prazo- 
sin compared tc placebo. Thus, although th:s study is 
suggestive of a favorable effect of some vasodilators >n 
survival, confirmation in further studies is required. 

The SCLVD was designed in 1984 and 1985 and 
initiated in 1986 primarily to evaluate the effects of en- 
alapril, an ACE irhi>itor, on long-term mortality aid 
major morbidity in a broad group of patients with LV 
dysfunctior, Two important considerations have infu- 
enced the cesign of SOLVD. (1) It is possible that drag 
treatment given to patients who already have manifèst 
CHF may not te as beneficial as initiating treatment at 
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an earlier stage of the disease (e.g., in patients with 
asymptomatic LV dysfunction). Conversely, early treat- 
ment of such asymp-omatic patients may be less benefi- 
cial, as the patients may not have measurable activation 
of the renin-angiotensin axis. Therefore, examination of 
the effects of treatrrent separately in these 2 categories 
of patients was cons:dered to be desirable. (2) Given the 
general experience with various agents in heart disease, 
where even very pramising interventions appear to have 
only a moderate effect on survival, it would be prudent 
to expect only moderate (15, 20 or at best 25%) but not 
large (40 to 50%) reductions in the risk of death.’ Be- 
cause a beneficial treatment is likely to be prescribed 
for the patients’ “life time,” waether tolerance occurs 
during long-term therapy needs evaluation. Therefore, 
2 concurrent but separate large and long-term trials 
were planned: a “Prevention Trial” that would include 
patients with a low ejection fraction and no history of 
overt CHF; and a “Treatment Trial” that would include 
patients with a low ejection fraction and signs of overt 
CHF, each trial having sufficient power to detect mod- 
erate mortality reductions of about 20%. 


STUDY DESIGN 

The primary cbjective of SOLVD is to answer 2 
questions: (1) (Prevention Tril) In patients with LV 
dysfunction (resting ejection fraction <0.35) and no 
history of overt CHF, can long-term survival be im- 


st 


proved by taking enalapril? (2) (Treatment Trial) In 
patients with LV dysfunction (resting ejection fraction 
<0.35) and with a history of overt CHF, can long-term 


~ survival be improved by taking enalapril? 


To address these 2 questions, 2 separate clinical tri- 
als are being conducted in 23 medical centers. A secon- 
dary but important key analysis is the effect of treat- 
ment on survival in all participants in the study (Treat- 
ment and Prevention Trials combined). In addition, the 
effect of treatment will be assessed in 5 subgroups: (1) 
tertiles of plasma sodium (lower sodium levels reflect 
greater activation of the renin-angiotension axis; there- 
fore, the effect may be greatest in this subgroup); (2) 
participants using versus those not using a vasodilator at 
baseline (patients receiving non-ACE inhibitor vasodila- 
tor may have a smalier benefit); (3) tertiles of baseline 
ejection fraction (patients with the lowest ejection frac- 
tion may benefit mest); (4) etiology (coronary artery 
disease, hypertensive heart disease and other) (in pa- 
tients with coronary artery disease, occurrence of isch- 
emic events that are not affected by treatment will tend 
to dilute the benefit): and (5) by New York Heart As- 
sociation functional classification (this was added after 
the results of the Cocperative North Scandinavian Ena- 
lapril Survival Study were known). In addition to these 
analyses, the effects of treatment on a number of other 
outcomes will be evaluated. Copies of the detailed pro- 
tocols of the main trials, specific substudies, and registry 
can be provided upon request. 

To investigate the effect of treatment on a variety of 
mechanisms or other outcomes that might mediate the 
benefit of enalapril treatment in the 2 trials, 7 sub- 
studies are being conducted. In selected centers, patients 
are entered into these substudies, which require special- 
ized testing at repeated intervals. This philosophy of an 
overall simple and large study’? and several small but 
detailed substudies overcomes some of the problems of 
previous clinical trials (i.e., not being large enough to 


answer the mortality questions reliably or not being tru- 


ly detailed enough to shed light on mechanisms of ac- 
tion). Additionally, to characterize the clinical course of 
a relatively unselected group of patients, a simple regis- 
try of patients with an ejection fraction £0.45 or a diag- 
nosis of CHF, examined during a 12-month period at 
18 of the 23 centers, has been maintained. Many of 
these registry patients are not entered into the SOLVD 


‘trials. Long-term follow-up of this group will offer a 


broader perspective on the factors that affect the clini- 
cal course of a less restricted population than the pa- 
tients randomized into the trials. 

Participants: The 2 basic criteria for entry into the 
trials are: (1) age between 21 and 80 years, inclusive, 
and (2) LV ejection fraction $0.35, performed within 3 
months of the day of consent. Ejection fraction is as- 
sessed by 1 of 3 techniques: (1) radionuclide LV angiog- 
raphy; (2) LV contrast angiography; and (3) 2-dimen- 
sional echocardiography with ejection fraction calcu- 
lated by the area length method or Simpson’s rule. Ex- 
clusion criteria are listed in Table I and fall into several 
broad categories: non-cardiac diseases likely to limit 
long-term survival, certain cardiac conditions other than 





primary myocardial dysfunction, intolerance to enala- 
pril and a substantial likelihood of nonadherence to the 
assigned medication. 

Study size: The study aimed to enroll 2,500 patients 
in the Treatment Trial and 4,600 patients in the Preven- 
tion Trial. These estimates were calculated from a mod- 
el using the normal approximation to the binomial dis- 
tribution, with adjustment for lack of adherence to as- 
signed treatment. The following assumptions were used: 
(1) a l-sided significance level of 0.025; (2) power of 
90%; (3) a 3-year mortality of 32% in the control group 
in the Treatment Trial (16, 8 and 8% in the first, second 
and third years of follow-up, respectively) (these mor- 
tality assumptions were derived from the Coronary Ar- 
tery Surgery Study registry data, which showed a 3- 
year mortality of 50% among CHF patients with an 
ejection fraction <0.35; because trials tend to exclude 
some of the sickest patients, the event rates were arbi- 
trarily reduced by one-third, for an overall 3-year mor- 
tality of 32%; in a trial with a 3-year recruitment and a 
further 2-year follow-up, the expected duration of aver- 
age follow-up would be about 3.5 years if recruitment 
were uniform; however, since recruitment in most trials 


‘shows a lag in the earlier period, we compensated by 


assuming that follow-up would average only 3.0 years); 
(4) a 3-year mortality of 17% in the control group in the 
Prevention Trial (10.2, 3.4 and 3.4% in the first, second 
and third years of follow-up, respectively) (data on simi- 
lar patients from the Coronary Artery Surgery Study 
registry indicated a 20% 3-year mortality); (5) a 25% 
reduction in mortality given 100% adherence with treat- 
ment;' (6) a 3-year adherence proportion of 80% (non- 
compliance of 10% in the first year, 5% in each of the 
second and third years in each of the treatment arms) in 
the Treatment Trial and 85% in the Prevention Trial 
(5% noncompliance/year for 3 years); and (7) non- 
adherers revert to event rates of the other treatment 
group. 

The latter 2 assumptions lessen the apparent reduc- 
tion in mortality to 19% in the Treatment Trial and to 
20% in the Prevention Trial. Using the above assump- 
tions, the study size calculated for the Treatment Trial 
was 2,100 and that for the Prevention Trial 4,000. To 
protect against unexpectedly lower event rates or poorer 
adherence, the study sizes were inflated to 2,500 and 
4,600, respectively. Therefore, if the trials are com- 
bined, the study has 90% power to detect a 13% reduc- 
tion in mortality by treatment. 

Ethics and informed consent: The final protocol was 
approved by the independent Data and Safety Monitor- 
ing Board and the Institutional Review Boards at each 
of the participating centers. At the first clinic visit, the 
objectives and overall design of the study and the risks 
and benefits of participation are explained carefully to 
each patient and written consent is obtained. 

Test dose and placebo run-in: Inclusion of many pa- 
tients who do not adhere to the treatment allocation can 
substantially decrease the power of the trial. Nonadher- 
ence may be due to inability to tolerate the active medi- 
cation if the patient was allocated to the active group, 
urgent need for enalapril if allocated to the placebo 


THE AMERICAN JOURNAL OF CARDIOLOGY AUGUST 1, 1990 317 


Pele re enrecacancst 


group or inatility to comply with the protocol. It is an- 
ticipated that a small number of potential participants 
may develop clinizally significant hypotension 3r other 
side effects after enalapril that would preclude long- 
term use of this d-ug; therefore, each participant is giv- 
en 2.5 mg enalapril twice daily at the first clinic visit. A 
telephone call is placed to each participant 24 hours lat- 
er to ensure that there are no major adverse reactions ta 
the drug. After 2 to 7 days of receiving the medication, 
the participants aze seen in clinic. If serious sida effects 
develop or if a participant takes <75% of the prescribed 
dose and is therefore considered to be non-compliant, 
the participant is excluded from further consideration. 
Each participant is also given placebo for 2 weeks. If 
the participant does not take at least 80% of the pre- 
scribed medicaticn, the participant is excluded from 
further consideration. However, if in the opinicn of the 
clinic staff there were unusual circumstances that may 
have led to the poor adherence, the participant may be 
given a second 2-week supply of placebo and reevaluat- 
ed. No participant is given a third opportunity. The 
identity of beth the test dose and placebo are known tc 
the clinic staff brt not to the patients (single blind). 
Classification into Prevention or Treatment Trial: 
The Prevention Trial is composed of participents whc 
do not have a history of overt heart failure. These par- 
ticipants have little or no limitation of exercise tolerance 


PATIENTS 
HAVE AN EJECTION 
FRACTION MEASURED 


PATIENT HAS 
EF ¢.35 


PATIENT MEETS ALL 
INCLUSION CRITERIA. 
PATIENT GIVEN 
ACTIVE DRUG FOR 

2 TO 7 DAYS. 


ELIGIBILITY 
VISIT (VISIT 12? 


PRE- RANDOMIZATION 
RUN-IN 


PATIENT GIVEN 
PLACEBO FOR 
14-17 DAYS 


MEDICATION TOLZRANCE 
VISIT (VISIT 2) 


due to dyspnea or fatigue and do not require treatment 
with digitalis, diuretics or vasodilators for heart failure 
at entry into the trial. The participants in the Prevention _ 
Trial belong to 1 of 2 groups: (IA) participants with 
ejection fraction <0.35 and who are not receiving digi- 
talis or diuretics, or (IB) participants with ejection frac- 
tion <0.35 and who require digitalis or diuretics for 
problems other than heart failure (e.g., supraventricular 
arrhythmia and hypertension). 

The Treatment Trial is composed of participants 
with a history of overt CHF, that is, participants who 
have currently or have had in the past clear clinical evi- 
dence of CHF and who currently require treatment 
with diuretics or inotropic drugs or vasodilators, or a 
combination of these, for symptomatic relief. The par- 
ticipants in the Treatment Trial can be viewed as be- 
longing to 1 of 2 groups: participants with ejection frac- 
tion $0.35 and who require digitalis or diuretics for 
heart failure, or participants with ejection fraction 
0.35 and who require non-ACE inhibitor vasodilators 
{usually in addition to digitalis or diuretics) for CHF. 

Randomization: After the completion of the preran- 
domization run-in periods, participants are allocated to 
the enalapril or placebo groups using a permuted block 
randomization within each of the clinical centers. Both 
trials are double-blind and only the statistical coordinat- 
ing center has direct access to the randomization codes. 


EXCLUDE PATIENTS WITH 


SIDE EFFECTS OR 
NON COMPLIANCE 


SXCLUDE PATIENTS WHO ARE 


CLINICALLY UNSTABLE OR 


= 
RANDOMIZATION CRITERIA 
VISIT (VISIT 3) 
PATIENT HAS HISTCRY 
OF OVERT HEART 
FAILURE? 


YES NO 


PATIENT RANDOMIZED 
WITHIN TREATMENT 
TRIAL 


ACE INHIBITOR 
AND STANDARD 
TREATMENT 


PLACEBO AND 
STANDARD 
TREATMENT 





' FIGURE 1. Flew diagram of Studies of 
Left Ventricular Dysfunction (SOLVD) 
clinic visits. ACE = angiotensin-con- 
yerting enzyme; EF = ejection fraction. 


POOR COMPLIANCE 


PATIENT RANDOMIZED 


MEDICATION IDCCREASED GRADUALLY TO MAXIMUM OF 10 MG BID OF ENALAPRIL OR PLACEBO. 


We 


VISIT 4 THROUGH FO 
VISIT BEGINS 


CLOSURE 1991 


FOLLOW-UP SCHEDULE 
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2 AND 6 WEEKS, 4 MONTHS, EVERY 4 MCNTEHS 
UNTIL END OF STULY 





TABLE li Summary of SOLVD Substucies 


Study Schedules 
Prerandomization 


Drug Challenze* Baseline 


invasive diastolic 
functiont 

Echocardiographict 

Exercise 

Neurohormonest* 

Radionuclide biventriculer 
function? 

Arrhythmia? 

Quality of life 


* Evaluations conducted before and after short-terrr therapy before randomization. 
t Studies linked to each othe- with patients overlapping. 

t Studies linked to each othe: with patients overlapping. 

$ Baseline data only in 500 patients. 

SOLVED = studies of left ventricular dysfunction. 


Each center’s pharmacy is provided with sealed enve- 
lopes containing the treatment assignment of each par- 
ticipant for use in the event of an emergency that re- 
quires immediate unmasking of an individual’s drug as- 
signment. 

Follow-up visit schedule: Follow-up visits are sched- 
uled at 2 and 6 weeks after randomization and then at 
4, 8 and 12 months. Thereafter, clinic visits are sched- 
uled at 4-month intervals. Participants are contacted by 
telephone at least once between visits to ascertain if any 
study “event” has occurred and to encourage adherence. 

Medication: At randomization most participants are 
given 5 mg of enalapril or its placebo twice daily. How- 
ever, if the physician feels that the patient may have 
difficulty tolerating this dose, treatment is initiated at 
2.5 mg twice daily. Two weeks after randomization, the 
participant is seen in clinic, and if the medication is tol- 
erated, the dose is increased to 10 mg twice daily (or 5 
mg twice daily). In general, physicians are encouraged 
to maintain patients at 10 mg twice daily. However, if 
patients are unable to tolerate this, the dose can be 
reduced. 


Cointervention: Interventions other than enalapril 


are not restricted by the protocol and treating physi- 
cians are free to modify all other medications. However, 
if the use of non-ACE inhibitor vasodilators is not clear- 
ly indicated, an attempt is made to discontinue these 
medications during the prerandomization period. If af- 
ter randomization CHF develops or worsens, the treat- 
ing physician is encouraged to use diuretics, digitalis or 
non-ACE inhibitor vasodilators at optimal levels before 
considering the use of open-label ACE inhibitors. 

Outcome measures: The primary outcome of inter- 
est for each trial is all-cause mortality. Subsidiary out- 
comes for both trials are cardiovascular mortality, sud- 
den death, death due to worsening CHF, incidence of 
hospitalization for CHF, myocardial infarction, stroke, 
need for cardiac transplantation and quality of life. In 
the Prevention Trial, onset of CHF is an additional out- 
come of interest. 

Substudies: Seven substudies are being conducted 
among subsets of the participants in both trials. These 
are (1) diastolic function substudy, (2) echocardiogra- 


4 Months 





Expected Study Size = No 
renee Participating 
Treatment Centers 


12 Months Prevention 


posees 


100 
50 


250 (500)§ 
200 


250 (500)§ 10 
200 5 


phy substudy, (3) exercise substudy, (4) neurohumoral 
substudy, (5) quality of life substudy, (6) radionuclide 
substudy and (7) sudden death substudy. The design, 
study visits and numbers of patients and clinics are list- 
ed in Table II. 


ORGANIZATIONAL STRUCTURE 

Clinical centers: The 23 clinical centers for SOLVD 
are widely distributed and include 2 in Canada and 1 in 
Belgium (Appendix). Each clinical center consists of a 
group of 1 to 8 hospitals (total of 92). A microcomput- 
er-based distributed data management system is used, 
with each center entering, editing and correcting its own 
data forms. Data are transmitted electronically on a 
weekly basis to the coordinating center. The principal 
investigators from the clinical centers and coordinating 
center and the project officer constitute the study Steer- 
ing Committee, which oversees all of the scientific and 
logistic aspects of the study. 

Coordinating center: In addition to participating in 
the Steering Committee, the Coordinating Center has 
responsibility for designing, revising and distributing the 
forms and procedural instructions used throughout the 
study, implementing and monitoring the data manage- 
ment system and monitoring the clinical centers to en- 
sure that the protocol is properly carried out. The Coor- 
dinating Center is responsible for receiving, editing, 
storing and analyzing all data from the clinical centers. 
The Coordinating Center prepares statistical reports of 
results for the Data and Safety Monitoring Board. 

Project office: The Project Office is in the Clinical 
Trials Branch of the National Heart, Lung, and Blood 
Institute. It provides the scientific and administrative di- 


rection of the study. It awards and monitors contracts 


and in conjunction with the Steering Committee defines 
standards for study unit performance and ensures com- 
pliance with these standards. 

Drug supply and distribution center: Merck Sharp 
and Dohme Pharmaceutical Company manufactures, 
packages and distributes both the active medication and 
the placebo for SOLVD. The company has no access to 
any other part of the study data except recruitment sta- 
tistics and requirements of study drugs at each center. 
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Data and Safaty Monitoring Board: The Data and 
Safety Monitoring Board, consisting of indepeadent ex- 
perts in cardiology, epidemiology, bioethics and biosta- 
tistics, has been appointed by the Director of the Na- 
tional Heart, Lung, end Blood Institute. This committees 
reviewed the proiocols of the trials and the substudies 
before their initiation and periodically monitors the data 
for outcomes, toxicity and safety. The Board makes rec- 
ommendations tc the Director of the National Heart, 
Lung, and Blood Institute whether changes should b> 
made in the conduct of the trials. 


DETAILS OF DATA COLLECTION 

Prerandamization: Potential participants aze identi- 
fied by reviewing past medical records, the logbooks of 
invasive and noninvasive laboratories and referrals b: 
private physicians (Figure 1). Once a potential partici- 
pant has been identified and permission to contact th2 
participant is given ty the primary physician, the partic- 
ipant is invited to the clinic for further evaluation. 

The eligibility visit is designed to confirm that thz 
potential participant meets the inclusion criter-a for tha 
trials. Eligible participants enter a prerandomization 
run-in phase, described earlier. Approximatel; 1 weex 
after receiving 2 2.5 mg dose of enalapril, the par- 
ticipants are seen in clinic for a second time. At ths 
time any adverse symptoms are noted and investigatec. 
Blood is drawn to determine hematocrit, white ce] 
counts, creatinine and electrolyte levels, and the urine 5 
tested for the presence of protein. Participants who d3 
not tolerate the medication may be excluded ar may be 
rescreened efter appropriate modification of ancillary 
drug therapy. In addition, noncompliant participants 
are excludec. Participants who remain eligible for 1 cf 
the trials are given a 2-week supply of placeto (agair, 
single-blind) and a third visit is scheduled 2 weeks later. 

At the third visit, if the participant has shown ade- 
quate adherence to the placebo, is clinically szable and 
still meets ali of the criteria for entry into 1 of the 2 
trials, the participant is randomly assigned to receive 
either placebo or enalapril. 

Postrandomization: Data concerning side 2ffects cf 
and adherence to study treatment, discontinuation cr 
change in study drug dosage, use of nonstudy medice- 
tions and hospitalizations are collected at each vist 
without knowledge of the treatment assignment. The 
study physician determines whether there hes been a 
change in the severity of CHF (in patients in the Trea-- 
ment Trial) or rew onset of CHF (in patients in the 
Prevention Trial} since the last visit. If a petient hes 
been hospitalized, additional data regarding primary 
and secondary discharge diagnoses are recorded. A 
quality of life questionnaire is completed at the 6-week 
and l- and 2-year visits. 

Death classification: Immediately after the ascer- 
tainment of a participant’s death, this fact 5 entered 
into the clinical center’s microcomputer. The clinical 
center then obtains information concerning the death 
and on the basis of all available clinical information de- 
termines the cause of death using a standardized form, 
without knowledge of treatment assignment. 
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Study period: Recruitment for the study is planned 
for 3 years with minimum follow-up for 2 years. Thus, 
the total duration of the study is 5 years. Recruitment 
began in July 1986 and the planned study termination 
date is July 1991. Because recruitment to the Treat- 
ment Trial was completed 6 months ahead of schedule, 
this study is scheduled to be terminated in February 
1991, 

Data analysis: The primary analysis to determine 
the effect of enalapril on mortality will be based on the 
logrank statistic.!° Confirmatory analysis adjusting for 
other covariates will be accomplished through the use of 
standard survival analysis techniques such as the pro- 
portional hazards model.!° To assess whether treatment 
effect differs in various subgrou>s of patients, tests of 
interaction using the proportional hazards model will be 
conducted. 

The Data and Safety Monitoring Board meets twice 
a year and reviews the data on efficacy and safety. To 
ensure that the overall æ level at the end of the study is 
less than the designed 0.025, appropriate monitoring 
rules are used in these interim analyses. The procedure 
of Lan and DeMets!! with a spending rule similar to the 
boundary of O’Brien and Fleming,'? the boundary of 
Peto et al!> and conditional power!* are all computed 
and reviewed by the Data Safety Monitoring Board at 
its meetings. 

Registry: The patients enterng the SOLVD trials 
are likely to represent a truncated subset of the total 
population of patients with LV dysfunction or CHF. 
This is because patients having the worst and best prog- 
nosis are expected to be excluded. To study the clinical 
course of a broader group of patients, a registry aiming 
to enroll 6,000 patients has been implemented. The pri- 
mary objective of the registry is to study the influence 
of a number of patient characteristics on mortality. 

Eighteen of the 23 SOLVD centers are participating 
in the registry. Patients are eligible for participation if 
they have an ejection fraction $0.45 or a radiologically -. 
confirmed discharge diagnosis of CHF during the re- 
cruitment period. Patients are excluded if they have 
non-valvular congenital heart disease, any non-cardiac 
life-threatening disease, lack of reliable means for fol- 
low-up or if they do not consent to participation in the 
study. Baseline information includes identifying and de- 
mographic information, clinical history, physical exami- 
nation, ejection fraction, etiology of disease, x-ray, med- 
ications used, electrocardiogram, and laboratory results. 

The baseline registry data are obtained from ab- 
straction of medical records. Hcwever, this might lead 
to biases due to a disproportionately greater number of 
investigations being performed in sicker patients. To 
quantify and correct for these biases, complete informa- 
tion is obtained on all key data and additional investiga- 
tions are performed in a randomly chosen subgroup of 
registry participants who are seen in clinic. A detailed 
history is obtained and physical examination is per- 
formed. They also have blood drawn for renin, catechol- 
amines, arginine vasopressin and atrial natriuretic fac- 
tor, and undergo a 2-dimensional echocardiogram, chest 
x-ray and electrocardiogram. They undergo a 6-minute 


walk test! and a 70-minute ambulatory Holter moni- 
toring. . 

Vital status and hospitalizations will be determined 
at 1 year by mail and telephone; 3- and 5-year vital 
status will be determined by periodic searches of nation- 
al death registries. 

Current status of the study: By the end of May 
1990, over 4,200 patients had been randomized to the 
Prevention Trial and 2,568 patients had been random- 
ized to the Treatment Trial. Recruitment to the registry 
of 6,336 patients and 1 year follow-up on all of these 
patients were completed by May 1990. 
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APPENDIX 
SOLVD Investigators 
European Clinics 

Brussels, University of Louvain: Hubert Pouleur,* Michel 
F. Rousseau,* Jacques Melin, Baudouin Marchandise, Erwin 
Schroeder, Sylvie Ahn. 
Canadian Clinics 

Halifax, Victoria General Hospital: David E. Johnstone,* 
M. J. Gardner, T. J. Montague, L. D. Lalonde, G. A. Klassen, 
B. M. Chandler, Beryl Carew, Sharon Black, Monica Francis, 
Sylvia Martin; Montreal, Montreal Heart Institute: Martial G. 
Bourassa,* Georges Dupras, Claude Goulet, Michel Joyal, Gil- 
bert Gosselin, Micheline Labbe, Margot Methe, Helene Benja- 
min, Suzanne Morin, Diane Leclerc. 
United States Clinics 

Ann Arbor, Michigan, University of Michigan Medical 


Center: John M. Nicklas,* Bertram Pitt,* Gerald Timmis, Ger- 
ald Breneman, Wolf F. C. Duvernoy, Shukri W. Davis, Mark J. 
Goldberg, Joseph Blair, G. B. John Mancini, Cheryl Luckoff, 
Gregory Henry, Mary Beth Wlodkowski, Mary Czajka, Dori 
Reinstein, Judy Richards, Ruth Lewis, Debbie Davey, Corrine 
Mallott, Angie Moll, Laura Quain; Birmingham, Alabama, 
University of Alabama at Birmingham Medical Center: Wil- 
liam J. Rogers,* Joaquin G. Arciniegas, Vera Bittner, Thomas 
M. Bulle, J. Bradley Cavender, Edgar D. Charles, Louis J. 
Dell’Italia, Milena Henzlova, William A. MacLean, Silvio E. 
Papapietro, Michael F. Salvia, L. Thomas Sheffield, Alfred W. 
H. Stanley, Eric Van Tassel, Herman A. Taylor, Kim Carlisle, 
Andrea Baker, Glenda Blackburn, Beth Bonville, Karen 
Bynum, Suzanne Deriso, Donna Kerns, Nancy Lambert, Lynn 
Merritt, Vally Nance, Elizabeth Reddy, Faye Atkins, Melanie 
Cox; Boston—-Harvard, Massachusetts, Veterans Administra- 
tion Medical Center: Kevin M. McIntyre,* Donald Tow, Alfred 
Parisi, Daniel Pietro, Edward Gillie, G. V. Sharma, Edward 
Folland, Patricia Woods, Robert Brown, W. Strauss; Boston— 
Tufts, New England Medical Center: Deeb Salem,* Marvin A. 
Konstam, William Gaasch, James E. Udelson, Noreen Dolan, 
Ruth Hoshino, Cindy K. Lane, Susan Kelly, Lorraine Kilcoyne, 
Linda Paradise; Bronx, New York, Weiler Hospital, Albert 
Einstein College of Medicine: Thierry H. LeJemtel,* William 
H. Frishman, J. Wexler, Marie Galvao, Lee Ann Mills, Marga- 
ret Jones; Buffalo, Buffalo General Hospital: Robert M. 
Kohn,* Philip D. Morey, Kenton E. Forte, Michael J. Hong, 
Joseph L. Maddi, Joseph A. Zizzi, Jr., Edward J. Bernaski, 
Nancy A. Roberts, Mary M. Bonora, Josephine A. Celano, Lois 
D. Banks, Elaine M. Muffoletto; Chicago, Illinois, University 
of Illinois School of Medicine: Bruce H. Brundage,* Jeffrey G. 
Shanes,* Stuart Rich,* Raymond J. Pietras, Mary Ann Papp, 
Jalal K. Ghali, Richard S. Cooper, James M. Cummings, Bar- 
bara J. Dierenfeldt; Gainesville, Florida, University of Florida: 
Carl J. Pepine,* C. Richard Conti, J. L. Mehta, Marian C. 
Limacher, Robert L. Feldman, Edward A. Geiser, James A. 
Hill, Charles R. Lambert, Xavier Prida, Nancy K. Norvell, J. 
Russell Green, Jr., Alan B. Miller, D. Lynn Perchalski, Eileen 
Handberg, Barbara Hall; Houston, Texas, Baylor College of 
Medicine: James B, Young,* Craig M. Pratt, Miguel A. Qui- 
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Radial Arterial Pressure Measurements May Be 
a Poor Guide to the Beneficial Effects of 
Nitroprusside on Left Ventricular Systolic 
Pressure in Congestive Heart Failure 


Gerald J. Simkus, MD, and David H. Fitchett, MD 


The effect of nitroprusside on pressure wave trans- 


mission from ascending aorta to radial artery was. 
studied in 10 patients with severe congestive heart 
failure. Nitroprusside resulted in a beneficial in- 
crease in cardiac index, reduction of pulmonary 
wedge pressure and reductions of aortic and radial 
arterial mean pressures. In 6 patients with an iden- 
tifiable late systolic peak of aortic pressure (group 
I), nitroprusside reduced aortic systolic pressure 
more than radial systolic pressure, resulting in an 
increase in the difference between aortic and radial 
systolic arterial pressure (group I control 13 + 4, 
nitroprusside 20 +.6 mm Hg; p <0.025). Yet in 4 
patients i in whom no aortic late systolic pressure 
wave was apparent (group Il), nitroprusside did not 
alter the difference between aortic and radial sys- 
tolic pressures. Radial arterial pressure is often 
used to estimate the effect of nitroprusside on the 
arterial pressure load on the left ventricle. These 
results indicate that a reduction of radial systolic 
pressure induced by nitroprusside may underesti- 
mate the true reduction of aortic systolic pressure 


and thus the effect of the vasodilator on the arterial © 


load on the left ventricle. The enhanced difference 
between aortic and radial arterial systolic pres- 
sures appears to be the consequence of nitroprus- 
side on arterial pressure reflections. 

(Am J Cardiol 1990;66:323-326) 
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of the. pressure developed by the left ventricle in 
clinical studies of vasodilator therapy. Although 
systolic peripheral arterial pressure is known to be high- 
er than central aortic pressure,! it is usually assumed 
that the difference between the central and peripheral 
pressures remains constant during treatment with the 
vasodilator. 

Reflected pressure waves are responsible for the aug- 
mentation of systolic pressure as the pressure wave trav- 
els from the ascending aorta to the periphery.” Further- 
more, reflected waves may contribute to peak aortic sys- 
tolic pressure, when wave velocities are sufficiently 
rapid to permit reflections to return during systole.? Va- 
sodilator agents not only reduce mean arterial pressure, 


: Res arterial pressure is often used as a measure 





‘but may also reduce pulsatile pressure by incréasing ar- 


terial compliance and either delaying or reducing re- 
flected waves.* Consequently, vasodilators such as nitro- 
prusside could alter transmission of the pressure wave 
from central to peripheral arteries by changing both the 
amplitude and timing of vascular reflections. The pres- 
ent study investigates the effect of nitroprusside on 
arterial pressure transmission between the ascending 
aorta and radial artery in patients with cardiac failure, 
to determine whether vasodilator-induced changes of ra- 
dial arterial systolic pressure are a reliable estimate of 
ascending aortic (and thus left ventricular) systolic 
pressure. 


METHODS 

Patients: Ten patients were evaluated. Their ages 
ranged from 23 to 67 years (mean 49). Each had heart 
failure of at least 6 months’ duration and New York 
Heart Association dyspnea grade III or IV and were 
receiving standard medical treatment for cardiac failure 
(digoxin 9, furosemide 9, captopril 5). The etiology of 
the cardiac failure was ischemic heart disease (7), idio- 
pathic dilated cardiomyopathy (2) and sarcoidosis (1). 
Left ventricular ejection fractions were between 7 and 
22% (mean 13 + 4%)..- 

Routine hemodynamic and angiographic studies 
were performed as part of an evaluation for cardiac 
transplantation. The patients gave written informed 
consent for the study, which had been approved by the 
Ethics Committee of the Royal Victoria Hospital. 

Procedure: After completion of the diagnostic study 
an 18 gauge catheter was inserted percutaneously into 
the left radial artery, and connected by a 5 cm tube toa 


THE AMERICAN JOURNAL OF CARDIOLOGY AUGUST 1, 1990 323 





Gould disposable pressure transducer. The damped nat- 
ural frequency of the system, determined at the zomple- 
tion of the procedure by the “pop” techriique,* was be- 
tween 20 and 50 Hz. A Millar SPC 484A microtip 
catheter was positioned in the ascending aorta. The flu- 
id pressure recorded from the lumen of the catheter was 
used as a reference to check for zero drift of thz micro- 
tip transducer, The level of the external transducers and 
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the radial artery cathster were adjusted to midchest lev- 
el. Pressures were recorded using an Electronics for 
Medicine DR12 reccrder and on 2lectromagnetic tape. 

Control data were recordéd at least 20 minutes after 
administration of contrast medium. Nitroprusside was 
started at 0.5 ug/kgmin and the dose increased until 
aortic systolic pressure was reduced to <85 mm Hg (av- 
erage infusion rate 1.6 + 0.9 uz/kg/min). Measure- 





FIGURE 1. Averaged aor- 
tic and radial arterial 
pressure recordings be- 
fore and during nitroprus- 
side infusion in 10 pa- 
tients with severe cardiac 
failure. Each pressure 
pulse is the average of 10 
successive beats. A, 
group I shows a late sys- 
toic increase in aortic 
pressure drug control re- 
cordings. $, in group Il no . 
late systolic aortic pres- 
sure peak is apparent 
during control recordings. 


Radial 





ments of pulmonary artery, pulmonary capillary wedge, 
aortic and radial pressures and cerdiac output were re- 
corded 5 minutes after commencing the maximal dose 
of nitroprusside. 

Analysis: The pressure signals recorded on electro- 
magnetic tape were digitized at a frequency of 200 Hz. 
At least 20 consecutive beats were used for the analysis. 
Peak systolic, diastolic and mean aortic and radial arte- 
rial pressures were calculated automatically by the 
analysis program. Mean pressures were calculated by 
numerical integration of the pressure curves. Left ven- 
tricular ejection time was measured as the time interval 
between the onset of the aortic pressure upstroke and 
the nadir of the dicrotic notch. Pulse transmission time 
was measured as the time difference between the onset 
of the aortic and radial pressure waves. 

Statistics: The results are expressed as mean + stan- 
dard error of the mean. Data were compared by paired 
2-tailed t test. P <0.05 was considered statistically sig- 
nificant. 


RESULTS 

Left ventricular >erformance was reduced in all 10 
patients as evidenced by a cardiac index of 1.80 + 0.1 
liters/min/m? and an elevated pulmonary capillary 
wedge pressure of 25 + 4 mm Hg. Nitroprusside re- 
sulted in an improvement of cardiac index to 2.6 + 0.3 
liters/min/m? (p <0.001), a decrease in systemic vascu- 
lar resistance (contrcl 1,989 + 117 dynes s cm~”, nitro- 
prusside 1,159 + 62 dynes s cm~>) and a decrease in 
pulmonary capillary wedge pressure to 18 + 2 mm Hg 
(p <0,001). Peak radial artery systolic pressure was an 
average of 15 + 2 mm Hg above aortic systolic pressure 
(aortic systolic 98 + 3 mm Hg, radial 113 + 4 mm Hg) 
whereas there was no significant difference between ei- 
ther aortic and radial arterial diastolic or mean pres- 
sures. Nitroprusside reduced mean aortic pressure from 
80 + 3 to 69 + 2 mm Hg, yet there was no significant 
change in heart rate (88 + 3 to 87 + 3 beats/min), 
Aortic systolic pressure was reduced from 98 + 3 to 85 
+ 3 mm Hg, whereas radial pressure decreased from 
113 + 4 to 104 + 3 mm Hg. The augmentation of sys- 
tolic pressure from ascending aorta to radial artery in- 
creased after nitroprusside from 15 + 2 to 19 + 2 mm 
Hg (p <0.05). Left ventricular ejection time was in- 
creased by nitroprusside from 220 + 8 to 234 + 9 ms (p 
<0.001) and transmission time of the arterial pulse 
from ascending aorta to radial artery increased from 99 
+ 4 to 113 + 3 ms (p <0.01), indicating a reduction in 
arterial pulse wave velocity. 

The aortic and radial arterial pressures before and 


during nitroprusside infusion are shown in Figure 1. In ` 


6 subjects (1 through 6) (Figure 1A) the aortic peak 
systolic pressure resuits from a late systolic pressure 
peak (group I), whereas in subjects 7 through 10 (Fig- 
ure 1B) no such late pressure peak is identifiable (group 
II). 

Group II patients had more rapid heart rates (96 + 
4 beats/min) compared to group I (78 + 2, p <0.05), 
yet cardiac index, mean aortic pressure and left ventric- 
ular ejection times were not significantly different. Aor- 





tic systolic pressure decreased in group I patients from 
102 + 8 to 86 + 6 mm Hg while radial artery systolic 
pressure decreased from 115 + 9 to 106 + 9 mm Hg. In 
group II aortic pressure decreased from 91 + 11 to 84 
+ 9mm Hg and radial pressure from 109 + 8 to 102 + 
9 mm Hg. The systolic pressure augmentation between 
aortic and radial artery was increased during nitroprus- 
side infusion in the group I patients (control 13 + 4mm 
Hg, nitroprusside 20 + 6 mm Hg, p <0.025) yet group 
II patients were unchanged (control 18 + 6, nitroprus- 
side 18 + 7 mm Hg). In group I, nitroprusside reduced 
the amplitude of the late systolic aortic pressure wave in 
5 of 6 of the subjects (Figure 1A). Although the ampli- 
tude of the late systolic aortic pressure wave could not 
be quantified in most patients, its reduction by nitro- 
prusside is sufficient in magnitude to explain the rela- 
tively lower aortic systolic pressure and thus the in- 
creased aortic to radial arterial pressure augmentation. 

Although nitroprusside increased left ventricular 
ejection time from 220 + 8 to 234 + 9 ms (p <0.005), 
there was no relation between the change in left ventric- 
ular ejection time and the augmentation of systolic pres- 
sure between the aorta and radial arteries in either of 
the 2 groups. In addition, the increase in pulse transmis- 
sion time between ascending aorta and the radial artery 
did not correlate with the augmentation of systolic pres- 
sure. 


DISCUSSION 

This study shows that nitroprusside may reduce aor- 
tic systolic more than radial arterial systolic pressure. 
As a consequence radial arterial systolic pressure cannot 
be used as a reliable indicator of the effect of a vasodila- 
tor on the pressure load imposed by the arterial system 
on the failing left ventricle. Nitroprusside resulted in 
beneficial hemodynamic changes in this group of pa- 
tients with severe cardiac failure. Cardiac output in- 
creased and left ventricular filling pressures were re- 
duced in association with a decrease in aortic pressure. 
In some patients, however, nitroprusside reduced aortic 
systolic pressure more than is apparent from the de- 
crease of radial arterial pressure. These patients (group 
I) had an identifiable aortic late systolic pressure peak 
that was reduced by nitroprusside. 

The late systolic aortic pressure peak results from 
reflections returning to the ascending aorta from the 
lower body.? The same reflections are observed later in 
the upper limb vasculature as a delayed secondary 
wave.” Nitroprusside reduced the amplitude of this aor- 
tic late systolic peak and altered the contour of the ra- 
dial arterial pressure wave, changes that imply a re- 
duction or delay of reflections.? Previous studies have 
shown that nitroprusside not only reduces arteriolar re- 
sistance and increases arterial compliance, but also both 
delays and decreases wave reflections in the ascending 
aorta.* Nitroglycerin also reduces the amplitude of the 


` late systolic aortic pressure peak> due to a reduction of 


reflections.®’ Kelly et al® recently showed that nitro- 
glycerin reduces the aortic late systolic pressure peak 
with little change in brachial systolic pressure in sub- 
jects with good ventricular function. Thus, it is likely 
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that the present findings are also applicable to patients 
who are not in cardiac failure. The same investigators’ 
also showed that the vasodilating 8-adrenergic agent di- 
levalol exerts a sinnlar differential effect on arterial sys- 
tolic pressures in central and peripheral arteries, where- 
as nonvasodilating 8 blockade with atenolol causes no 
differential reduction of central arterial systokc pres- 
sures. Thus, other vasodilator agents that change wave 
reflection may reduce central arterial systolic pressure 
more than is evident from any change in peripheral ar- 
terial pressure. 

Limitations: Without simultaneous measurement of 
aortic input impedance it is not possible to be certain 
that the lower aortic late systolic pressure was due to 
reduced reflections, as changes in the aortic flew wave 
contour or duraticn may result in important alterations 
of the pressure contour. Yet in the present study left 
ventricular ejection was prolonged by nitroprusside, an 
effect that might be expected to increase rather than 
decrease the late systolic aortic pressure peak.!? 

The aortic pressure measured using a high fidelity 
micromanometer catheter was compared with pressures 
recorded from a fluid-filled system in the radiz] artery. 
Although fluid-filled transducers are a potential source 
of artifactual pressure recordings, differences between 
the systems were minimized by ensuring that the fluid- 
filled system had an adequate frequency response. 

Clinical implications: Many clinical and investiga- 
tional assessments of ventricular performance gre based 
on estimates of central aortic pressure, sometimes cali- 
brated from measurements of peripheral arterial pres- 
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sure.'! Because peripheral and aortic systolic pressures 
are not reduced equa_ly by nitroprusside, the results of 
the present study question the validity of peripheral 
pressure measurements for the assessment of left ven- . 
tricular afterload and suggest that they must be used 
with great caution, especially when using maneuvers 
that cause vasodilatation. 
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VALVULAR HEART DISEASE 





Early and Late Changes in Left Ventricular 


* Systolic Performance After Percutaneous Aortic 





Balloon Valvuloplasty 


David H. Harpole, MD, Charles J. Davidson, MD, Thomas N. Skelton, MD, 
Katherine B. Kisslo, ROMS, Robert H. Jones, MD, and Thomas M. Bashore, MD 


To evaluate early and late hemodynamics after 
aortic valvuloplasty, 17 patients underwent first- 
pass radionuclide angiocardiography with simulta- 
neous high-fidelity micromanometer pressure be- 
fore, 10 minutes after and 6 months after aortic | 
valvuloplasty. Pressure-volume and stress data 
were assessed. Immediately after the procedure, no 
significant change was observed in heart rate, sys- 
temic blood pressure, cardiac output or aortic in- 
sufficiency (as measured by visual or quantitative 
aortography). The mean and peak transvalvular 
gradient decreased from 64 to 36 mm Hg (p 
<0.001) and 76 to 38 mm Hg (p <0.001), respec- 
tively. The mean aortic valve area increased from 
0.5 to 0.8 cm? (p <0.001). Using echocardiogra- 
phy, meridional end-systolic wall stress decreased 
from 81 to 63 - 10° dynes/cm? (p <0.001). Left 
ventricular ejection fraction increased from 0.48 to 
0.54 (p <0.01), end-diastolic volume decreased 
from 161 to 143 ml (p <0.001) and end-diastolic 
pressure decreased from 18 to 13 mm Hg (p 
<0.01). Left ventricular stroke work (the area of 
the pressure-volume loop) also decreased from 
17.5 to 14.7 - 10° ergs (p <0.001). The loop shift- 
ed to the left and downward. At the 6-month study, 
the mean and peak aortic vaive gradient increased 
from 36 to 56 mm Hg (p <0.001) and 38 to 61 mm 
He (p <0.001), respectively. The aortic valve area 
worsened (0.8 to 0.5 cm’, p <0.001), end-systolic 
wall stress increased (63 to 84 ; 10? dynes/cm?, p 
<0.001) and the left ventricular ejection fraction 
decreased (0.54 to 0.49, p < 0.02). The end-dia- 
stolic volume increased (143 to 159 ml) along with 
the end-diastolic pressure (13 to 21 mm Hg, p 
<0.01). Left ventricular stroke work (14.7 to 16.3 
- 10° ergs) was not different from baseline. The 
loop returned toward baseline. The changes seen in 
ejection fraction, however, were primarily related 
to changes in loading conditions. At 6 months, re- 
stenosis occurred in most patients, but was not al- 
ways accompanied hy a worsening of clinical sta- 
tus. The pressure-volume loop shifted back toward 
baseline and the ejection fraction decreased as end- 
systolic stress increased. There were little data to 
support an intrinsic change in myocardial contrac- 
tile performance at any postprocedural interval 


after aortic valvuloplasty. Rather, the changes in 
ejection dynamics appeared primarily to be a func- 
tion of altered loading conditions. 

(Am J Cardiol 1990;66:327-—332) 


valvular aortic stenosis evokes compensatory left 

ventricular geometric remodelling in order to 
minimize wall stress and maintain the cardiac output. 
Percutaneous balloon aortic valvuloplasty has been ap- 
plied as a therapeutic option for patients at high surgi- 
cal risk with severe aortic stenosis.!-? The short-term 
changes seen after the procedure are complex, and it is 
unclear whether changes in loading conditions, inotropy 
or both affect the results obtained. This investigation 
records left ventricular pressure and volume data in pa- 
tients immediately before and both early and late after 
percutaneous balloon aortic valvuloplasty to character- 
ize the serial changes in left ventricular systolic perfor- 
mance that occur immediately after the procedure and 
at 6-month recatheterization. The use of radionuclide 
angiography simultaneously with high-fidelity pressure 
data allowed for characterization of pressure-volume re- 
lations without perturbation of the hemodynamics. 


Cr left ventricular outflow obstruction from 


METHODS 

Population: After obtaining approval from the Duke 
University Institutional Review Board, 17 consecutive 
patients with degenerative, calcific tricuspid aortic ste- 
nosis (defined by both echocardiographic and angio- 
graphic assessment) were entered into the study. In- 
formed consent was obtained from all patients. There 
were 5 men and 12 women with a mean age of 70 + 19 
years. Eleven patients presented with Canadian Heart 
Association angina class III or IV, 13 patients with 
New York Heart Association congestive heart failure 
class III or IV and 3 patients with syncope or presynco- 
pe. In addition, 9 patients had significant (at least 1 
artery with luminal diameter narrowing 275%) coro- 
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nary artery disease (Table I). Patients were asked to 

EERE cea a return for a routine 6-month invasive evaluation. At the 
BASOAANMGSNAAAssssa 6-month follow-up, 9 patients were considered “asymp- 

tomatic” (New York Heart Association class I or IT) 

and 8 were considered symptomatic (New York Heart 

Association class III or IV) for congestive heart failure. 

Experimental design: CARDIAC CATHETERIZATION AND 


EDP2 EDP3 


heart rate. 


(mm Hg) 


EDP 1 
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SAZZRISRIIIJIARN] ANGIOGRAPHY: All catheterizations were performed us- 
en E ing the femoral approach. Right heart pressures were 
S [|MAMEntTTMOoMNntON| R measured with a fluid-filled catheter. A temporary 
< Ooee coocooooqococoo OD oe 
g pacemaker was positoned before the procedure. Non- 
> O ionic contrast was used for coronary angiography, aor- 
S MONRO MAMODDMDHROWO! = i : ; 
QZ |SSSCSHSSSSGSHAGSOSGSGH| $ tography and left vertriculography in all patients. After 
z F the procedure, hemodynamic data, aortography and 
SElemmncnttenmonnonmn| r ventriculography weze repeated. Oxygen consumption 
en eee R en a ge eee) Hae for the calculation of Fick cardiac output was accom- 
m = plished with Sensormedic MMC Horizon System. The 
Be epee encanta enue ees E aortic valve area was determined by use of the Gorlin 
T) BOoOReaTHOOTNROTOBORE S 
2 formula. 
D * » : 
N 5 Simultaneous left ventricular and aortic pressures 
is Š were measured with a high-fidelizy, dual-sensor micro- 
S |RNRRSSSSRBRABSRSSS | n 


manometer catheter (Millar Instruments, Inc.) inserted 


5 
~3 E through a number 14Fr UMI (Universal Medical In- 
O g : : 
SElaengearesenessagg| g strument Corp.) sheath in the right or left femoral ar- 
Os i Š tery. Micromanometer catheters were balanced exter- 
2 3 nally and calibrated to the fluid-filled lumen pressures 
3 qia es en WS a : after insertion. A Hewlett-Packard 8086A computer- 

5 ized pressure recorder transferred data to a Gould 
y N 1000-C electrostatic strip chart. Digital left ventricular 
Da lmHMONMOANDHNDAHROANRM + s A ; 
EEJonFEOnA FE e pressure data were also acquired simultaneously with 
_> radionuclide image data using the Scinticor multicrystal 
SPSl¢mamantonnganwoHnsy _ gamma camera (Scinticor Inc.). 
woes too MN T TOM st Tod OMY 


Aortic regurgitation was visually graded on a scale 
from 0 to 4+ using standard criteria. Aortic regurgita- 
tion was also quantitatively assessed using a fixed, pre- 
selected region of interest in the gorta and left ventricle. 
The ratio of aortic to left ventricular videodensity at 
maximum aortic contrast density was recorded and rep- 
resented a quantitative measure of aortic regurgitation. 
This method was suggested by Kein et alt and has been 
previously used by this laboratorv to assess aortic regur- 
gitation severity after aortic valvuloplasty.° 

VALVULOPLASTY 2ROCEDURE: A. single 20 mm 5.5 cm 


coronary artery disease; EDP 
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aortic valve area; CAD 
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E(SXSAKLLSRLLESYSBR Mansfield (Boston Scientific) aortic valvuloplasty bal- 
2 ‘loon was percutaneously inserted through the right or 
z ZISSSaBXLeSeRowavwony left femoral artery in all patients. A minimum of three 


10 to 60-second diletions were accomplished in all cases. 
There were no significant acute complications. 

SIX-MONTH RECATHETERIZATION: The 6-month cardiac 
catheterization was undertaken using the same protocol 
as mentioned before with duplicetion of all radiographic 
angles and careful -eproduction əf all high-fidelity pres- 
sure and oximetric methods. 

RADIONUCLIDE ANGIOCARDIOGRAPHY: Initial transit ra- 
dionuclide angiocardiograms were acquired at 20-ms in- 
tervals using the Scinticor multicrystal gamma camera. 
Ten mCi of technetium-99m diethyltriaminepentacetic 
acid was injected as a bolus through a 20-gauge right 
external jugular venous Teflon catheter with a data ac- 
quisition time of 25 seconds for each study. Proprietary 
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mean aortic root pressure; AVA 
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dynamic data are presented for the population with measurements before (1), 10 minutes after (2) and 6 months after (3) valvuloplasty. 


Age 
76 
80 
0l 
82 
65 
77 
86 
77 
63 
73 
83 
81 
57 
67 
76 
72 
66 
angiographic aortic insufficiency; AO 


Serial hemo 


Al 


TABLE I Angiographic and Hemodynamic Data 
Patient 
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software was used to calculate cardiac output, pulmo- 
nary blood volume, left and right ventricular ejection 
fraction, left ventricular end-diastolic volume, end-sys- 
tolic volume and peak ejection rate.: Volumetric mea- 
sures used area-length assumptions. The accuracy and 
reproducibility of these measurements have been report- 
ed in previous investigations.’ Tlie high-fidelity left 
ventricular pressure data were matched to each 20-ms 
frame of radionuclide image data, allowing construction 
pressure-volume loops from an average cardiac cycle.® 
END-SYSTOLIC MIDWALL MERIDIONAL WALL STRESS: M- 
mode and 2-dimensional echocardiograms were ob- 
tained using a Hewlett-Packard echocardiograph be- 
fore, 1 hour after, and 6 months after the valvuloplasty 
procedure to estimate left ventricular end-systolic di- 
mension and end-systolic wall thickness in the short-axis 
projection. If wall motion abnormalities were present, 
only the normally contracting wall segment was used 
because the formula assumes uniform contraction. Of 
the 9 patients with coronary disease, 2 patients had pos- 
terior wall motion abnormalities angiographically and 1 
patient had septal wall motion abnormalities that could 
have affected the results. In no patient were abnormali- 
ties of both septal and posterior wall present. Left ven- 
tricular end-systolic (ES) midwall meridional wall stress 
(10? dyne/cm7) was calculated using the following for- 
mula’: 


0.334 X (echocardiographic ES dimension) X ES pressure 
1+ ES wall thickness/ES dimension 


STATISTICAL ANALYSIS: The observed changes before 
and after valvuloplasty were analyzed for statistical sig- 
nificance (p <0.05) using the Student’s paired ¢ test and 
the Wilcoxon signed rank test. In order to compare he- 
modynamic and volumetric data between patients who 


FIGURE 1. Pressure-velume data is — 
shown from a representative pati 
(number 2 in Tables I and Il) before, 
10 minutes after and 6 months after 
valvuloplasty. 


Pressure 
(mmHg) 


were doing well at 6-month follow-up (n = 9) with 
those who were symptomatic (n = 8), the Student’s un- 
paired r test and the Wilcoxon rank sum test were also 
used. 


RESULTS | 

No statistically significant change was recorded for 
the population at any time during the study in regard to 
heart rate, Fick cardiac output, radionuclide cardiac 
output or mean aortic root pressure (Table I). This al- 
lowed data at the 3 time periods to. be analyzed on a 
beat-to-beat basis. Additionally, no change was noted in 
right atrial pressure (5 + 2 to 7 + 4 to 9 + 6 mm Hg), 
pulmonary artery diastolic pressure (28 + 9 to 26 + 11 
to 28 + 10 mm Hg) or pulmonary capillary wedge pres- 
sure (18 + 6 to 16 + 8 to 18 + 6 mm Hg). Seven of 17 
patients required. 1 unit of packed red blood cells to be 
transfused after the procedure. Intravenous crystalloid 
was given (0.5 liters) to all patients in order to maintain 
stable pulmonary artery diastolic pressure during the 
procedure. No patient needed transfusion at recatheter- 
ization. 

The degree of aortic regurgitation did not vary sig- 
nificantly during the study- period by either visual meth- 
ods or. quantitative assessment. Quantitatively, the 
mean ratio of aortic to left ventricular videodensity at 
maximal aortic contrast density was 0.37 before, 0.38 
immediately after valvuloplasty and 0.41 at 6 months. 

Early after valvuloplasty, left ventricular systolic 
pressure decreased (217 + 42 to 183 + 29 mm Hg; p 
<0.001), peak-to-peak aortic valve gradient decreased 
(76 + 28 to 38 + 16 mm Hg; p <0.001), mean. aortic 
valve gradient decreased (64 + 21 to 36 + 13 mm Hg; 
p <0.001} and the aortic valve area increased from 0.51 
+ 0.14 to 0.76 + 10 cm? (p <0.001) (Table I). Left 


o Before 
a10 Minutes After 


+6 Months After 


Volume (ml) 
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TABLE Il Radionuclide and Echocardiographic Data 


rmCO1 mCo2 mCO3 LVEF1 LVEF2 LVEF3 EDV] EDV2 EDV3 SW1 SW2 SWE WS1 WS2 WS3 PERI PER2 PERS 


Patient (liters /min) 


i 
2 
3 
4 
5 
6 
7 
8 
9 


(108 ergs) 103 dynes /cm (ml/s) 


Serial radionuclide dataare listed for the population before (1), 10 minu-es after (2} and 6 months after (3) valvutopiasty. 


* t hour after procedure. 


EDV = end-diastolic voline; LVEF = left ventricular ejection fraction; Na = not available; PER = peak left ventricular ejectiar rate; rnCO = radionuclide angiocardiography cardiac 


output; SW = stroke work. WS = end-systolic meridional wall stress. 


ventricular e*ection fraction increased (0.48 + 0.16 to 
0.54 + 0.18; p <0.001), peak left ventricular ejection 
rate increased (—291 + 91 to —341 + 118 ml/s; p 
<0.05), left ventricular end-systolic volume decreased 
from 161 + 29 tc 143 + 27 ml (p <0.001), end-systolic 
volume decreasec (87 + 39 to 68 + 36 ml; p <0.001) 
and end-dias-olic pressure decreased from 17 + 8 to 13 
+ 6 mm Hg (p <).01, Table Il). Left ventricular stroke 
work decreased siort-term after valvuloplasty f-om 17.5 
+ 7.3 to 14.7 + 7.1 106 ergs (p <0.001, Figure 1). The 
peak positive firs. derivative of the left ventricular pres- 
sure decreased sightly (1,616 + 420 to 1,465 + 220 
mm Hg/s) and =nd-systolic pressure-volume ratio did 
not change (2.9 = 1.3 to 3.2 + 1.6 mm Hg/ml). There- 
fore, early after valvuloplasty, there was a significant 
decrease in the amount of aortic outflow obstruction. 

For 16 patieris with an adequate echocard:ographic 
end-systolic image, calculated meridional end-systolic 
wall stress also d2creased from 81 + 45 to 62 + 34 103 
dynes/cm? (p <.001, Table II). 

Six months after valvuloplasty, left ventricular sys- 
tolic pressure had increased from 183 + 29 to 223 + 42 
mm Hg (p <0.0)1), peak-to-peak aortic valve gradient 
increased fram 33 + 16 to 61 + 13 mm Hg (p <0.001), 
mean aortic valve gradient increased from 36 + 12 to 
56 + 13 mm He (p <0.001) and aortic valve area de- 
creased from 076 + 0.19 to 0.53 + 0.17 cm? (p 
<0.001, Table Iı. Left ventricular ejection frection de- 
creased from 0.54 + 0.18 to 0.49 + 0.16 (p <0.001), 
peak left ventricalar ejection rate decreased from 341 
+ 118 to —249 + 122 ml/s (p <0.02), left ventricular 
end-diastolic volame increased from 143 + 27 to 159 + 
41 mi (p <0.07_, end-diastolic pressure increased from 
13 + 6 to 21 + 10 mm Hg (p <0.01) and erd-systalic 
volume increased from 68 + 36 to 85 + 47 ml (p <0.05, 
Table II). Left ventricular stroke work also -ncreased, 
compared to the short-term value from 14.7 + 7.1 to 
16.3 + 7.1 10° 2rgs (Figure 1). The peak positive first 
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derivative of the left ventricular pressure increased 
slightly from 1,465 + 220 to 1,737 + 457 mm Hg/s 
and end-systolic pressure-volume ratio did not change 
(3.2 + 1.6 to 3.1 + 1.7 mm Hg/ml). Meridional end- 
systolic wall stress (n = 16) increased from 62 + 34 to 
84 + 44 10° dynes/cm? (p <0.001, Table II), No 
change was observed in echocardiographically deter- 
mined systolic wall thickness at the 3 study intervals 
(1.94 + 0.49 vs 1.93 + 0.49 vs 1.82 + 0.43 cm). Elec- 
trocardiographic evidence of left ventricular hypertro- 
phy was noted in 14 patients with 3 other patients ex- 
hibiting left bundle branch block. 

No statistically significant difference was found be- 
tween symptomatic (New York Heart Association class 
IMI or IV) and asymptomatic (New York Heart Associ- 
ation class I or II) patient groups 6 months after valvu- 
loplasty for any hemodynamic or radionuclide variable - 
using either the Student’s unpaired £ test or the Wil- 
coxon rank sum test. When each hemodynamic and vol- 
umetric measurement at 6 months was compared to the 
value obtained before valvuloplasty, no significant 
change was observed in any variables, except the mean 
and peak-to-peak aortic valve gradients were numerical- 
ly less at 6 months (p <0.01). 


DISCUSSION 

In patients with chronic aortic stenosis, left ventricu- 
lar function adapts to overcome the outflow obstruction 
by elevating left ventricular pressure. This increase in 
pressure results in hypertrophy that decreases wall 
stress. Symptoms of congestive heart failure occur when 
myocardial hypertrophy and other compensatory mech- 
anisms are either no longer able to overcome the 
amount of valvular obstruction present or result in ab- 
normalities in diastolic filling that restrict inflow. Percu- 
taneous balloon aortic valvuloplasty immediately de- 
creases left ventricular outflow obstruction, but the 
long-term effects cf this procedure on left ventricular 





function are poorly understood. Acquisition of pressure- 
volume data before, early and late after valvuloplasty 
allows for serial analysis of systolic ventricular perfor- 
mance that might help address this question. Therefore, 
to define the short- and long-term effects of aortic val- 
vuloplasty, we measured hemodynamic and volumetric 
parameters of left ventricular function in 17 patients be- 
fore, 10 minutes after and 6 months after percutaneous 
balloon aortic valvuloplasty. 

The use of simultaneous high-fidelity pressure and 
radionuclide angiography allows for the determination 
of a variety of systolic performance indexes. Immediate- 
ly after aortic valvuloplasty, there is a significant de- 
crease in the aortic gradient and an increase in aortic 
valve area. The changes observed here are similar to 
those reported by cthers.!~3:!9 As shown in Figure 1, 
there is a short-term shift of the pressure-volume loop to 
the left and downward. The decrease in the LV systolic 
pressure results in a concurrent decrease in the LV 
stroke work as determined from the area of the pres- 
sure-volume loop. | 

Therefore, the improvement seen in the ejection 
fraction measuremert is a complex issue. Ejection frac- 
tion is a load-dependent variable and particularly sensi- 
tive to alterations in both inotropy and afterload, with 
preload influences generally of lesser importance.’ The 
decrease in preload observed in this study would tend to 
decrease any ejection phase index, such as the ejection 
fraction, while the decreased afterload that results 
would tend to increase this parameter. Thus, the overall 
result of loading conditions should probably be to in- 
crease the ejection fraction measurement. 

In addition, however, acute occlusion of left ventric- 
ular outflow during tae valvuloplasty procedure can re- 
sult in potential “stunning” of the myocardium, as has 
been demonstrated using analysis of diastolic function 
(particularly tau)!! and by measurements of coronary 
sinus lactate.!* Reflex catecholamine release likely oc- 
curs from the hypotension created during balloon infla- 
tion and this could impact on inotropy in a positive 
manner.!? 

It can be concluded, therefore, that the change in 
ejection fraction observed immediately after the proce- 
dure is the result of an interplay of all of these factors. 
Because heart rate and mean aortic pressure are un- 
changed immediately after valvuloplasty, the effect of 
catecholamines appears to be less important than other 
factors. The ability cf the left ventricle to maintain 
stroke volume and cardiac output at a lower preload, 
despite the possibility of a decrease in the inotropic state 
due to “stunning,” leads to the conclusion that a de- 
crease in left ventricular outflow obstruction and the 
consequent decreased afterload are the primary reasons 
the ejection fraction improvement is observed. This de- 
creased afterload is confirmed by observed decreases in 
the aortic valve gradient, LV systolic pressure and end- 
systolic wall stress. . 

Previous data from this laboratory have shown that 
during the first 3 days after the procedure, the ejection 
fraction continues to increase despite no change in the 


left ventricular end-diastolic volume.'* A return in the 
aortic valve gradient measured by Doppler occurs dur- 
ing this time period and appears to be a function of both 
an increase in stroke volume and remodeling of the aor- 
tic valvular architecture. The data from the current 
study reveal that these beneficial early hemodynamic 
changes are frequently reversed by 6 months. At 6 
months, the pressure-volume loop returns rightward and 
upward toward the baseline position. The area of the 
loop (stroke work) increases to where it is now similar 
to that observed at baseline. Associated with this 
change, there was a gradual return of the aortic outflow 
obstruction in 12 of 17 patients. 

Symptomatic status appeared unrelated to the re- 
turn of the aortic valve gradient. It appears that diastol- 
ic left ventricular function correlates best with clinical 
status at 6 months.'! The ejection fraction at 6 months 
returned to the baseline value, paralleling the increase 
in end-systolic wall stress. | 

The left ventricular end-diastolic volume changed in 
a variable manner at the 6-month interval. When the 
preload increased, this resulted in an increase in the left 
ventricular end-diastolic pressure and peak positive dP/ 
dt. The increase in preload allowed for maintenance of 
stroke volume despite the decrease in global ejection 
fraction. Thus, cardiac output could be maintained at a 
similar heart rate as baseline. Measurements of end-sys- 
tolic pressure/end-systolic volume at 6 months were 
similar to the baseline and the postvalvuloplasty values, 
providing further indirect data that there may have 
been little change in intrinsic myocardial performance. 
One is left to conclude that the observed hemodynamic 
alterations at 6 months are primarily a function of al- 
tered loading conditions rather than a change in con- 
tractile performance. 

When patients who had symptoms of congestive 
heart failure at 6-month follow-up were compared to 
those in whom symptoms had improved, several inter- 
esting findings were evident. No difference between the 
groups was found for any variable. Restenosis (return of 
aortic valve area to baseline) was evident in 12 of 17 
patients (71%). Restenosis occurred with a similar fre- 
quency in both the symptomatic and “asymptomatic” 
(New York Heart functional class I or IT) groups. Al- 
though, no statistical difference between these 2 groups 
could be shown in any of the baseline variables using 
either untvariate or multivariate analysis, the small 
sample size makes broad general conclusions regarding 
this similarity unwise. Regardless, restenosis can clearly 
occur without concurrent changes in clinical status.'> 

These data compare favorably with recatheterization 
data reported by Block et al'® in a study of 15 patients 
who had undergone recatheterization and repeat valvu- 
loplasty at 5.5 months after the initial procedure. Reste- 
nosis was noted in all patients, with recurrent symptoms 
in 13. 

The results of this study might be affected by 
changes in aortic regurgitation after the procedure. 
Aortic regurgitation was both visually and quantitative- 
ly assessed at each study interval and no changes in aor- 
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tic regurgitation were observed. We have previously 
shown in a series 3f 50 patients!* studied short-term 
that aortic regurgi-ation is an uncommon event after 
eee eee 
the 6-month interval as 3 well. 
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Detection and Assessment of Severity 
of Tricuspid Regurgitation Using First-Pass 
Radionuclide Angiography and Comparison 
with Pulsed Doppler Echocardiography 


Kim A. Williams, MD, Patricia E. Walley, and James W. Ryan, MD 


Noninvasive detection and semiquantitative assess- 


ment of tricuspid regurgitation (TR) were per- 
formed using first-pass radionuclide angiography 
(RNA), by sampling a region of interest over the 
right atrium for any tracer entering the right atrium 
during right ventricular systole. The relative 
amount of tracer entering the right atrium was 
quantitated and the results were compared with 
semiquantitative Doppler echocardiographic grad- 
ing of TR severity. Using the right ventricular time- 
activity curve to define end-diastolic and end-sys- 
tolic frames, the right atrial counts for the 2 or 3 
cardiac cycles after the peak right ventricular 
counts were summed. The right atrial “injection 
fraction” was calculated using the following formu- 
la: [(end-systolic counts — end-diastolic counts)/ 
(end-diastolic counts)] X 100%. The right atrial in- 
jection fraction was examined in 51 patients who 
had good quality RNA and Doppler studies. Of 27 
patients with no evidence of TR by Doppler, 26 had 
a negative right atrial injection fraction. All 24 pa- 
tients with a positive Doppler for TR had a positive 
right atrial injection fraction. Comparison of right 
atrial injection fraction grade ranges with semi- 
quantitative grades of TR severity on Doppler re- 
vealed identical grades in 21 of the 24, with a sin- 
gle grade difference in the remaining 3 patients. 
Thus, right atrial time-activity curve quantitation 
during routine first-pass RNA allows detection and 
grading of the severity of TR, with results very 
similar to pulsed Doppler echocardiography. This 
simple procedure is easily appended to the evalua- 
tion of ventricular performance with first-pass 
RNA. 

(Am J Cardiol 1990;66:333-339) 
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(TR) has been attempted with several tech- 

niques, including phonocardiography,! M-mode 
and 2-dimensional echocardiography with and without 
intravenous contrast injection,*~* pulsed- and contin- 
uous-wave Doppler echocardiography>~’ and radionu- 
clide angiography (RNA).8-!6 First-pass RNA is essen- 
tially a scintigraphic indicator dilution technique, which 
permits regional time-activity curve analysis in adjacent 
cardiac chambers.'’ Analysis of right atrial time-activi- 
ty curves should detect systolic regurgitation of tracer 
from the right ventricle due to TR. The aims of this 
study were: (1) to apply first-pass RNA right atrial 
time-activity curve analysis to the detection of TR, and 
(2) to compare the first-pass TR detection rate and 
semiquantitative grading with the noninvasive standard, 
pulsed Doppler echocardiography. 


Nw assessment of tricuspid regurgitation 


METHODS 

Patients: We reviewed the echocardiographic rec- 
ords of 69 patients who underwent first-pass RNA stud- 
ies between December 1983 and January 1987. Of 
these, 51 patients were identified to have had (1) pulsed 
Doppler echocardiographic mapping of the right atrium 
adequate for the detection of TR and (2) a well-bolused 
first-pass RNA study in which both the right atrium 
and right ventricle were identified within the field of 
view of the gamma camera. Of the 51 subjects, 17 pre- 
sented with ischemic heart disease, 14 with valvular 
heart disease, 7 with hypertensive heart disease and 8 
with other cardiac disorders; 5 were found to have no 
evidence of heart disease. There were 26 women and 25 
men. The mean age was 51 years (range 17 to 83). 

First-pass radionuclide angiography: Patients were 
positioned in front of a Baird System-77 multicrystal 
camera in either the upright-anterior or supine-shallow 
(30°) right anterior oblique position. The first-pass 
RNA studies were acquired with a bolus injection of 
18 to 23 mCi of technetium-99m diethylene triamine 
pentaacetic acid into an indwelling catheter (16 or 18 
gauge) in a right antecubital or external jugular vein. 
This bolus was flushed rapidly with 15 to 25 cc of nor- 
mal saline. The frame mode acquisition intervals varied 
from 0.025 to 0.050 second/frame, depending on the 
patient’s heart rate. 

The right heart phase of the tracer bolus was tempo- 
rally isolated for analysis. Regions of interest were 
drawn over the right atrium and right ventricle, taking 
care to avoid the overlapping region of the tricuspid 
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valve plane. The right ventricular region of interest was 
then adjusted using the automated ventricular ejection 
fraction software program available from the manufac- 
turer. This program located the peaks (diastole) and 
valleys (systole) in the time-activity curve generated 
from the original right ventricular region of interest. 
The summed systolic image was subtracted from the 
summed diastolic image, and we used the resulting 
stroke volume image to draw the final automated right 
ventricular region of interest. The right atrial region 
could then be modified to insure exclusion of the right 
ventricle and the adjacent tricuspid valve plane (Figure 
1). 

The right atrial and ventricular time-activity curves 
were then generated over these final regions of interest. 
An additional region of interest over the superior vena 
cava was drawn to imsure the adequacy of the injected 
bolus. An acceptable bolus was defined as a mean supe- 
rior vena cava transit time (estimated by full-width at 
half-maximum) of <1.5 seconds. The 3 cardiac cycles 
after the peak right ventricular activity were analyzed, 
unless the right ventricle cleared rapidly, in which case 
only 2 cycles were used. An increase in right atrial 
counts during right ventricular systole implied TR. The 


FIGURE 1. Regions of interest over the right ventricle (RV) 
(1), right atrium (RA) (2) and superior vena cava (SVC) (3) 
from which time-activity curves were generated. RA and RV 
regions are drawn to avoid overlap and the tricuspid valve 
plane. 
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simultaneous right ventricular time-activity curve was 
used to identify the individual peak-diastolic and end- 
systolic frames on the right atrial curve. The percentage 
of systolic increase in right atrial counts, or right atrial 
“injection fraction,” was quantitated by subtracting the 
summed peak-diastolic frame counts from the summed 
end-systolic frame counts, and dividing the result by the 
summed peak-diastolic frame counts, as in the formula: 
right atrial injection fraction = right atrial counts 
(at right ventricular end-systole) — right atrial counts 
(at right ventricular end-diastole) /right atrial counts (at 
right ventricular end-diastole) X 100%. 

Based on a preliminary analysis, the right atrial in- 
jection fraction results were graded in the following 
manner: absent TR = <0%; minimal TR = 0 to 4.5%; 
mild TR = 4.6 to 16%; and moderate-to-severe TR = 
>16% (Figures 2 to 4). 

Pulsed Doppler echocardiography: Pulsed Doppler 
ultrasonography was performed with 1 of 2 echo- 
Doppler flowmeters (ATL Mark 600 or HP 77020A) 
equipped with a 3.5-MHz piezoelectric transducer. Dis- 
crete sampling of intracardiac velocities was performed 
with these units along a 2- to 15-cm ultrasound beam, 
by electronically range gating the returning ultrasonic 
reflections. The localized blood flow velocities are de- 
tected by Doppler frequency shifts within the sample 
volume. The Doppler sample volume was targeted with- 
in the right atrium using 2-dimensional echocardio- 
graphic imaging (Figure 5). Images were acquired from 
apical and parasternal windows with the patient in a left 
lateral recumbent position. This sample volume was 
used to map the intracardiac velocities in the right atri- 
um, first at the tricuspid valve plane. If systolic turbu- 
lent flow lasting at least 80% of systole was noted at the 
valve level, the systolic velocities were then traced to 
determine the posterior extent of the regurgitant flow 
within the right atrium (Figure 6). Because of the limit- 
ed pulse repetition frequency of pulsed Doppler, high 
velocities within the right atrium will “wrap around” 
(aliasing), thus appearing as forward (toward the trans- 
ducer) as well as backward (away from the transducer) 
flow (Figure 6). 

The posterior extent of the regurgitant stream of ve- 
locities was measured and graded in the following man- 
ner: absent TR = no significant systolic backward flow; 
minimal TR = systolic turbulence found only within 1 
cm of the valve plane; mild TR = systolic turbulence 
found beyond 1 cm of the valve plane but not extending 
to the midright atrium; and moderate-to-severe TR = 
systolic turbulence extending to or beyond the midpoint 
of the right atrium. The patients were separated into 4 
groups based on the severity of these pulsed Doppler 
TR grades: group I = no Doppler evidence for TR, 
group II = minimal TR, group II] = mild TR and 
group IV = moderate-to-severe TR. 

Statistics: Using pulsed Doppler echocardiography 
as the standard, we defined the sensitivity of RNA for 
TR as the number of patients in whom the RNA dem- 
onstrated TR divided by the total number of studies 
positive for TR by Doppler. Specificity of the RNA for 
TR was defined as the ratio of negative RNA studies to 
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FIGURE 2. Simultaneous RV, RA and SVC time-activity curves in a normal subject with no evidence of tricuspid regurgitation. 
Note that during RV systole there is no increase in RA counts. Abbreviations as in Figure 1. 
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FIGURE 3. Simultaneous RV, RA and SVC time-activity curves in a patient with mild tricuspid regurgitation. Note that during 
each RV systole after the bolus clears the SVC there is an increase in the RA counts, indicative of tricuspid regurgitation. Ab- 
breviations as in Figure 1. 
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negative Doppler studies. Patients were separated into 4 
groups based on the severity of their pulsed Doppler 
echocardiographic TR grade. The mean and standard 
deviation of the right atrial “injection fraction” for each 
of these groups were compared with its adjacent groups 
for statistically significant differences using the Student 
t test for the comparison of means.!8 A p value <0.05 
was considered statistically significant. 
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FIGURE 4. Simultaneous RV, RA and SVC time-activity curves in 





RESULTS 

Of the total 69 patients, 18 were excluded from the 
study because of incomplete or poor quality data. RNA 
bolus transit times were unacceptably prolonged in 2 
patients. Inadequate visualization of the right atrium 
occurred in 5 patients, as the RNA study was primarily 
intended for left-sided cardiac analysis and the field of 
view of the multicrystal gamma camera is limited (14 X 
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a patient with moderate-to-severe tricuspid 


regurgitation 
Note that during each RV systole after the bolus clears the SVC there is an increase in the RA and SVC counts, indicative of tri- 
. Additionally, the transit times through the RA and RV are prolonged. Pulsed Doppler echocardiography in 


cuspid regurgitation 
this patient is shown in Figure 6. Abbreviations as in Figure 1. 
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FIGURE 5. Diagram of pulsed Doppler 
echocardiographic technique, shown from 
the apical 4-chamber view. A moveable 
sample volume is electronically localized 
by range gating of the returning ultra- 
sound reflections. Thus, interrogation and 
mapping of systolic regurgitant velocities 
within the right atrium can be performed. 


TRAL VALVE 


LEFT 
ATRIUM 


21 cm). There were 11 patients with technically diffi- 
cult echocardiographic images or right atrial mapping, 
or both, that were deemed inadequate to define the 
presence and extent of TR. 

Tricuspid regurgitation detection rate: TR was 
found by either technique in 25 patients. The RNA was 
positive for TR in only 1 patient with a negative Dopp- 
ler study. There were no patients with TR that was de- 
tected by Doppler that was not detected by RNA. Thus, 
with Doppler echocardiography as the standard, first- 
pass RNA demonstrated a sensitivity of 100% and a 
specificity of 96%. 

Tricuspid regurgitation severity grading: The sever- 
ity of TR by Doppler was used to assess the TR severity 
grading potential of the RNA right atrial injection frac- 
tion quantitation. 

There were 27 patients without evidence of TR by 
Doppler (group I). Of these patients, 26 were negative 
for TR by RNA, while 1 had mild TR by RNA. The 
patient with discordant results had echocardiographic 
diagnoses of tricuspid and mitral valve prolapse. Dopp- 
ler was performed in the supine position while the RNA 
was performed sitting upright. With tricuspid prolapse 
it is possible that TR was present only in the upright 
position. There were 2 patients in the study with concor- 
dant results who also had echocardiographic evidence 
for both mitral and tricuspid valve prolapse; 1 had mild 
TR and 1 had no TR by both techniques. 
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FIGURE 6. Moderate-to-severe 


Of the 24 patients with TR by Doppler, 5 were grad- 
ed as minimal (group II), 13 as mild (group III) and 6 
as moderate-to-severe (group IV). Identical TR severity 
grades on the RNA right atrial injection fraction were 
found in 21 patients. The remaining 3 patients’ TR se- 
verity grades differed by only a single grade from the 
Doppler result, with no discordance in the moderate-to- 
severe TR group. 

For the 27 patients with no Doppler evidence for 
TR, the mean right atrial injection fraction was —11.5 
+ 9.9%. The 5 patients with minimal TR by Doppler 
had a mean right atrial injection fraction of 3.9 + 1.4%. 
The 13 subjects with mild TR by Doppler had a mean 
right atrial injection fraction of 7.9 + 3.3%. In the 6 
with moderate-to-severe TR by Doppler the mean right 
atrial injection fraction was 22.1 + 2.3%. Statistical 
comparison of these 4 groups revealed significant dis- 
tinction of each group by RNA right atrial injection 
fraction (Table I). 


DISCUSSION 

Etiology and importance of tricuspid regurgitation: 
Tricuspid valvular regurgitation most commonly results 
from disorders that elevate pulmonary arterial pressure. 
These include left-sided cardiac failure, pulmonary em- 
boli, primary pulmonary hypertension, chronic obstruc- 
tive pulmonary disease and congenital heart disease.!? 
Tricuspid valve leaflet integrity may be compromised by 


regurgitation by pulsed Doppler echocardiography. M-mode through the right ventricle, 


tricuspid valve (TV) and right atrium (RA) are shown at the top. Spectral velocity display in the pulsed mode demonstrates 
diastolic velocities going toward the transducer (upward), and marked systolic turbulence during systole with high velocities 
resulting in aliasing of the tricuspid regurgitation signal above and below the zero velocity line. 
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TABLE I Right Atrial “Injection Fraction” and Doppler 
Echocardiographic Grading of Tricuspid Regurgitation 


Pulsed Doppler Grade Radionuclide Angiographic RAIF (%) 


-—12410 

4+ 1(p <0.01 vs!) 
Ill (mild) 8+ 3(p <0.05 vs Il) 
IV (moderate to severe) 22 + 2 (p <0.001 vs Ill) 


Values are mean + standard deviation. 
RAIF = right atrial injection fraction. 


trauma, infectious endocarditis, rheumatic fever, infil- 
trative disorders or metastatic carcinoid tumors. Right 
ventricular infarction may involve the right ventricular 
papillary muscles and lead to regurgitation with normal 
tricuspid leaflets.” 

Clinical diagnosis of mild-to-moderate TR may be 
difficult.2! However, unrecognized TR has been found 
to contribute to surgical morbidity and mortality.?? 
Noninvasive detection and assessment of the severity of 
TR has grown in importance, as its surgical manage- 
ment with anuloplasty and medical therapy with vasodi- 
lators has developed.” 

Noninvasive assessment of tricuspid regurgitation: 
PULSED DOPPLER ECHOCARDIOGRAPHY: Pulsed Doppler 
echocardiography has become the noninvasive standard 
for detection of TR in recent years.” However, accurate 
estimation of the presence and severity of TR by Dopp- 
ler is dependent on several factors: (1) the patient’s 
body habitus; (2) ability to obtain an adequate Doppler 
signal while the ultrasound beam is parallel to the re- 
gurgitant flow!?; and (3) careful interrogation and map- 
ping of the right atrium with the pulsed Doppler sample 
volume. Radionuclide techniques have the advantage of 
being less operator and body habitus dependent. 

GATED EQUILIBRIUM RADIONUCLIDE ANGIOGRAPHY: 
Gated equilibrium RNA has been used successfully in 
the evaluation of left-sided valvular regurgitation. 1623-26 
Equilibrium RNA has also been recognized to be a use- 
ful tool in the diagnosis of isolated tricuspid valvular 
regurgitation, using a decrease in the left ventricular to 
right ventricular stroke count ratio,!42526 or a systolic 
increase in scintigraphic counts over the liver (“hepatic 
expansion fraction”).™!>!5 However, the stroke count 
ratio method fails to differentiate tricuspid from pul- 
monic valvular regurgitation, and may be falsely nega- 
tive in patients with left-sided valvular regurgitation. 
The analysis of hepatic expansion with gated equilibri- 
um RNA may be more specific for TR than the stroke 
count ratio method, but has not been studied in subjects 
with minimal-to-moderate TR, as can be detected with 
pulsed Doppler echocardiography. 

FIRST-PASS RADIONUCLIDE ANGIOGRAPHY: First-pass 
RNA has also been used to detect TR, using the scinti- 
graphic appearance of tracer in the right atrium, bra- 
chiocephalic veins or inferior vena cava during right 
ventricular systole as an indication of regurgitation.!°:! 

Time-activity curve analysis of a radionuclide bolus 
injection was first introduced for the detection of mitral 
and aortic valvular regurgitation by Metz et al,'’ using 
a bolus in the pulmonary capillary wedge position in a 


| (none) 
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canine experimental model. However, right atrial time- 
activity curve analysis for the diagnosis of TR in pa- 
tients undergoing routine diagnostic first-pass RNA has 
not been previously reported. 

In our study, we have demonstrated that analysis of 
the right atrial time-activity curve allows quantitation 
of the counts that regurgitate across the tricuspid valve, 
reentering the right atrium during ventricular systole. 
With any technique for TR, there is difficulty in estab- 
lishing its true diagnostic accuracy, since an absolute 
reference standard is lacking. Right ventricular cinean- 
giography has been proposed as the standard for TR by 
some investigators.*’ However, this procedure is inva- 
sive and may irritate the right ventricle, causing prema- 
ture ventricular contractions that result in an inaccurate 
assessment of TR. This technique also may produce TR 
because the catheter traverses the tricuspid valve.?”?8 
Using right atrial pulsed Doppler echocardiography as 
the reference standard, our right atrial time-activity 
curve analysis revealed a diagnostic sensitivity of 100% 
and a specificity of 96% in this retrospective study. In 
addition, there was good correlation between these non- 
invasive estimates of the relative severity of TR. 

Limitations: There are potential technical limitations 
to both the Doppler and RNA methods for the evalua- 
tion of TR, as demonstrated by the need to exclude 19 
patients from analysis due to inadequacy of the data. 
The RNA technique requires careful positioning in 
front of a high count-rate capable first-pass camera, a 
relatively large intravenous catheter in a large vein and 
strict adherence to a bolus-flush technique so that tracer 
is rapidly delivered to the right atrium. A possible 
source of error in the RNA technique may occur due to 
cyclic respiratory variation in the amount of TR (Car- 
vallo’s sign), since relatively few beats (2 to 3) are used 
in the analysis. 

Doppler ultrasonography is often technically diffi- 
cult in the adult cardiology population, especially in 
barrel-chested or obese individuals with poor ultrasound 
transmission characteristics. The accurate determina- 
tion of the extent of TR may be difficult and time con- 
suming. This requires careful right atrial mapping with 
a small pulsed Doppler sample volume from 1 or more 
echocardiographic windows. The more recent addition 
of 2-dimensional color mapping to the pulsed Doppler 
technique lessens the difficulty of adequate data collec- 
tion. 

A clearer definition of the right atrial injection frac- 
tion quantitative separation between minimal and mild 
grades (groups II and III) with the RNA technique 
should be possible with additional studies and larger 
numbers of subjects, although statistical separation of 
the groups’ right atrial injection fractions was possible 
in this relatively small study. 

Clinical implications: This study demonstrates that 
analysis of the right atrial time-activity curve during 
routine first-pass RNA is a rapid and easily performed 
method that can detect and quantitatively grade the se- 
verity of TR. In comparison with the current nonin- 
vasive standard, pulsed Doppler echocardiography, the 
RNA technique is both sensitive and specific. Although 


MPS r 


pulsed Doppler echocardiography does not require in- 
travenous access, RNA is less frequently technically 
limited .by body Habitus. Although further studies of 
this technique are necessary to help define the role of 
RNA for the noninvasive diagnosis and management 
of TR, these data suggest that the accurate assessment 
of TR may easily be appended to studies of right and 
left ventricular performance with first-pass RNA. 
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CONGENITAL HEART DISEASE ` 


Long F ollow-Up (to 43 Years) of Ventricular 
Septal Defect with Audible Aortic Regurgitation 
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From 1946 te Ma-ch 1989, 92 patients (33 
women and 59 men) were seen with ventricular 


septal defect (VSE) and audible aortic regurgitation. 


(AR). The VSD was subcristal in 62 patients, sub- 
‘pulmonary in 21 and unknown in the remaining 9. 


The median age of onset of AR was 5.3 years. The © 


risk of developing AR. was 2.5, times greater in. 
those with a subpalmonary VSD. The aortic valve 
was tricuspid in 96% and bicuspid in 10%. Pro- | 
lapse was seen in 30% of those with subcristal 


VSD and in all witi- subpulnionary. VSD. Pulmonary ; 


stenosis was seen in 46% of the patients ‘with gra- 
dients ranging from 10 to 55 mm Hg. The inct- 
dence of infective endocarditis was 15 episodes/ | 
1,000 patient years. Among 20 patients followed 
medically, for 297 patient years, 1 died (1959) and 
most have been stable, including 2 followed for . 
>30 years. In the 72 patients operated on, there . 
were 15 perioperative and 5 late deaths. Opera- - 


tions consisted of WSD closure alone in 7, VSD clo- 


sure and valvuloplasty in 50 and VSD closure and 
aortic valve replacement in the other 15. Vaivulo-' 
plasty was more effective in those operated on un- 
der age 10 compared to those older than 15 years. 
(46 vs 14%). The durability of the valvuloplasty 
was $ 1026 at-12 years and 51% at.18 years. — 
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ventricular sep-al defect (VSD) is uncommon, the 
incidence being 5.5% in the United States. De- 
tailed studies have identified the VSD. location to. be 
either subcristal or subpulmonary, with valve prolapse 


| A ‘ortic regurgitation (AR) in association with 


- beifig present in most?’ Subpulmonary VSD is. more 


common in oriental races,237-9 waile subcristal VSD 
predominates in caucasian races. 110-12 AR is an-ac- 
quired. lesion that is progressive in some while remain- 
ing mild in others. A number of surgical valvuloplasty 
techniques to alleviate AR have been described with - 
varying results>!°!3.14 and present an attractive alterna- 
tive-to aortic valve rephcement. While those with severe 
AR require surgery, “he optimal management of pa- 
tients with mild to moderate AR remains controversial, — 
especially in teenagers and adults. This study evaluates 
onset and progression of AR, VSD location, cusp pro- 
lapse, infective endocazditis and surgical results. 


METHODS | 

From 1946 to March 1989, 92 patients (33 women - 
and -59 men) were see with VSD and AR. All had a 
murmur of AR and were catheterized at least once, pre- 
operatively. Patients w-th other complex lesions such as + 
subaortic stenosis, tetrelogy of Fallot and those who de- 


` veloped AR after endocarditis or after surgical VSD 

` closure, were excluded. All ‘available data, including 

(Am J Cardiol 1990;66:340-345) 
_.. were reviewed in detai. 


clinical, Angiographic, curgical and autopsy. information 


The VSD location was classified as- the following: . 
subpulmonary (the superior margin being at or close-to 
the pulmonary valve): subcristal “paramembranous), 


. recognizing that some of the subcristal extended ‘into 


the conal septum; or inknown. For comparison pur- — 
poses, VSD locations among 222 patients with uncom- 
plicated. VSD from our own angiographic files (1975 to 
1980) were determined. — 

AR. was documented by’ aigiontaphy in 75 and at 
surgery in the other 17-patients. The degree of AR was 
considered mild, moderate or severe based on es i 


_ phy. Clinically, if the murmur intersity was <grade 2 


with a pulse. pressure o <50 mm Hg, AR was consid- 
ered mild. If the murmar was >grace 3 and pulse pres- 
sure >75 mm Hg, AR was considered severe. All others 
were deemed moderate. Progression of AR was defined 
based on ‘angiography alone.or an increase in 22 of the 
following: murmur intemsity; pulse pressure (by >50%); 
or cardiothoracic ratio 3n Teny (by = 210%). 


In terms of surgery, 72 patients underwent 21 intra- 
cardiac procedure by 7 cardiac surgeons at our institu- 
tion, including 3 operated on elsewhere. Cardiopulmo- 
nary bypass was used in all. The VSD was closed by 
suture in 35 and with a patch in 36, the defect. having 


closed: spontaneously i in -the other patient. The route. of- 


closure was via the right ventricle in 41, the. right atri- 


um in 12, the aorta in 13, the pulmonary artery in 2 and - 


unknown in the other 3. The valvuloplasty methodology 
varied throughout the years, but, from 1973, the tech- 
- nique used in most has been similar to that introduced 


by Plauth® and Frater’ with modifications as described, . 


by Trusler.!° Variation in the level of cusp. attachment 
in some required: further modifications. Exploration for 
a patent ductus arteriosus (repeated in 1) because the 
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murmurs were considered continuous was undertaken in 
8 patients (all but 1 -before 1965) with 1 death. 


Statistical analyses: To.compare groups with re- 


‘spect to measured variables, T tests were used. The chi- 
‘square statistic was used. to test for differences in pro- 


portions. Those 9 patients in whom VSD location was 
unknown were excluded from the statistical analyses. 
Actuarial analyses were carried out using the method of 
Kaplan and Meier. 


RESULTS. 

_ Aortic regurgitation onset: The murmur of AR ap- 
peared during follow-up in 65 patients at ages of 0.5 to 
17 years (median 5.3). Among these, the VSD was sub- 
cristal in 43; subpulmonary in 15 and unknown in the 
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other 7, with the median AR onset ages being similar in 
the 3 groups. 

Aortic regurgitation progression: There were 58 pa- 
tients followed mecically for 0.1 to 35 years (median 6) 
after AR appeared. At the diagnostic catheter-zation, 
AR by angiography was mild in 30 patients, moderate 
in 19 and severe ir. the other 9. 

MILD AORTIC REGURGITATION: During follow-up from 
1 to 35 years (median 11), AR progressed in 9 (30%) 
(Figure 1). 

MODERATE AORTIC REGURGITATION: During follow-up 
from 1 to 23 years (median 4), AR progressed in 5 
(26%) (Figure 2). 

SEVERE AORTIC REGURGITATION: During follow-up 
from 0.1 to 21 yeazs (median 4), further progression in 
terms of increasinz AR murmur intensity anc pulse 
pressure occurred in 3 patients (33%). 

Thus, although here was no significant difference in 
progression rates between these groups (p = 0.1), over- 


ttn ee ~ 


all AR progressed in 17 patients (29%), while remain- 
ing unchanged in the other 41 (71%) during a median 
follow-up period of 6 years. Relative to VSD location, 
progression occurred in 13 of the 41 (32%) patients, 
with a subcristal defect compared to 1 of 12 (8%) with a 
subpulmonary lesion and 3 of 5 (€0%) of those with a 
VSD of unknown type. 

Ventricular septal defect: The VSD in the 83 pa- 
tients in whom location was known was subcristal in 62 
(75%) and subpulmonary in 21 (25%). This was signifi- 
cantly different (p = 0.001) when compared to our 222 
patients with an uncomplicated VSD, where the defect 
was subcristal in 170 (76%) and subpulmonary in 12 
(5%). Thus, the probability of AR developing was 2.5 
times more likely in those with a subpulmonary VSD 
compared to those with a subcristal VSD. 

Aortic valve: Among 90 patients in whom the num- 
ber of cusps could be ascertained, the valve was tricus- 
pid in 81 (90%) and bicuspid in 9 (10%). Prolapse of 
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21 Deatis 
1 Medical 
29 Surgical 


187 51% 


FIGURE 3. Actuarial analysis of durability 
of vaivuloplasty, showing probability of 
remaining free of reeperation or death to 
be 76 and 51% at 12 and 18 years post- 
operatively, respectively (95% confidence 
level + 1 standard deviation). 


FIGURE 4. Actuarial analysis identifying 
probability of survival 80% at 25 years 
(95% confidence level + 1 standard 
deviation). 


15 Periop 
5 Late 


Pe Petty 


>] cusp was present in 81 patients (Table I), occurring 
in 90% of those with a subcristal VSD and in all with a 
subpulmonary VSD (difference not significant). The 
noncoronary cusp prolapsed alone in 11 patients, all 
with subcristal VSD. Left coronary cusp prolapse did 
not occur in any. Among those 9 patients with a bicus- 
pid valve, the VSD was subcristal in 6, subpulmonary in 
2 and unknown in the other, with prolapse being evident 
in 3. 

A right aortic arch was present in 7 patients (8%), 
among whom the VSD was subcristal in 4, subpulmo- 
nary in 1 and unknown in the others. 

Pulmonary stenosis: There were 42 patients with a 
peak gradient of =10 mm across the right ventricular 
outflow tract. The gradient was valvar in 16 (range 10 
to 47 mm Hg; median 18) and subvalvar in the other 26 
(range 12 to 55; median 25 mm Hg), of whom 9 had a 
double-chambered right ventricle. In 7 of these latter 
patients, progression of obstruction was identified at re- 
peat catheterizations, the VSD being subcristal in 4, 
subpulmonary in 2 and unknown in the other. 

Pulmonary-systemic flow ratio (Qp:Qs): At cathe- 
terization, when AR was present, the Qp:Qs ranged 
from 1 to 4 (median 1.6), the median values being simi- 
lar for subcristal VSD and subpulmonary VSD. The 
pulmonary artery mean pressure ranged from 4 to 36 
(median 15) and no patient had pulmonary vascular ob- 
structive disease. 

Infective endocarditis: Infective endocarditis oc- 
curred 17 times, without mortality, in 14 patients, an 
incidence of 15 episodes per 1,000 patient years, being 
21/1,000 in unoperated patients and 9 in those after 
surgery. Thirteen episodes occurred before and 4 epi- 
sodes occurred postoperatively at age 4 to 36 years (me- 
dian 19). The causative organism was alpha streptococ- 
cus (6), 8 streptococcus (1), Staphylococcus aureus (6) 
and was unknown in the other 4. The aortic valve was 
tricuspid in 13 patients. The infection resulted in severe 


_ AR in 2 patients, both requiring valve replacement, 1 of 


whom sustained an embolic hemiplegia and a later re- 
peat valve replacement because of a second episode of 
endocarditis. 

Medical management: There were 20 patients fol- 
lowed medically with 1 death, this occurring suddenly in 
a 14-year-old with severe AR awaiting surgery in 1959. 
The other 19, now age 8 to 44 years (median 22), have 
been followed for 297 patient years (median 15). 
Among these, the VSD is subcristal in 12 and subpul- 
monary in 7. All are asymptomatic with progression of 
the AR being evident in 5 (26%). Clinically, the degree 
of AR is considered mild at most in 9, moderate in 9 
and severe in the other. Among those with mild AR are 
2 patients with subpulmonary VSD who have been fol- 
lowed for 32 and 35 years, respectively, 1 of whom has 
had 2 uncomplicated pregnancies. In another patient 
with a bicuspid valve and moderate AR at age 44 years, 
the VSD has closed spontaneously. 

Surgical management: VENTRICULAR SEPTAL DEFECT 
CLOSURE ALONE: There were 7 patients (subcristal 6, sub- 
pulmonary 1) who underwent VSD closure alone at age 
6 to 24 years (median 8), 3 of whom had bicuspid aortic 
valves. Preoperatively, AR was mild in 6 patients and 


TABLE I Ventricular Septal Defect Location and Aortic Valve 
Prolapse 


AoV Prolapse (%) 


VSD Location n(%) RCC NCC RCC&NCC LCC Absent 


Subcristal 62(67) 34(55) 11(18) 11(18) 0 6 (9) 
Subpulmonary 21(23) 18(86) 0 314) 0 0 

Unknown 9(10) 4(44) 0 0 0 5 (56) 
Total 92 56(61) 11(12) 14(15) 0 11 (12) 


AoV = aortic valve; LCC = left coronary cusp; NCC = noncoronary cusp; RCC = 
right coronary cusp; VSD = ventricular septal defect. 


TABLE II Ventricular Septal Defect Closure and Aortic 
Valvuloplasty 


1946 to 1973 
(n= 30) 


1973 to 1989 
(n = 20) 


3 to 25 {median 9) 
1 to 29 (median 16) 
7 


2 to 25 (median 7) 
0.1 to 11 (median 4) 


Op age (yrs) 
Follow-up (yrs) 
Death 0 
Periop 13 0 
4 0 
Preop Follow-Up Preop Follow-Up 
2 5 


5 7 
Moderate 8 5 
Severe 2 3 
AVR 

Periop 

Late 


AR = aortic regurgitation; AVR = aortic valve replacement; op = operation; periop 
= perioperative. 


TABLE Ill Ventricular Septal Defect Closure and Aortic Valve 
Replacement 


<1973 (n= 5) >1973 (n = 10) 


Op age range {yrs} 4to24{median 16) 
Deaths 2 

Periop 2 0 

Late 1 

Follow-up (yrs) 2 to 14 (median 7) 


Preop Follow-Up 


2 to 30 (median 19) 
1 


0 
5 to 19 (median 11) 


Preop Follow-Up 
AR 


None 

Mild 

Moderate 

Severe 
AVR 

Periop 

Late 


Abbreviations as in Table Il. 


severe in 1 in whom a calcified right coronary cusp did 
not allow valvuloplasty at the age of 13 years. All sur- 
vived and at 1 to 24 years of follow-up (median 9), AR 
was absent in 2 patients, mild in 4 (including the patient 
with the calcified cusp) and was moderate in the other. 

VENTRICULAR SEPTAL DEFECT CLOSURE AND VALVULO- 
PLASTY: This was the initial procedure in 50 patients 
(Table II). Before 1973, this was undertaken in 30, with 
13 perioperative deaths. Since 1973, there have been no 
deaths among 20 patients thus managed. 

The 37 early survivors were followed for 0.1 to 29 
years (median 7). Compared to preoperatively, AR was 
absent in 7 patients (19%), decreased in 12 (32%), was 
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unchanged in 11 (30%) and increased in the other 7 
(19%). Valve rep.acement became necessary in 4 pa- 
tients, 2 undertaken early postoperatively because of se- 
vere AR and hemilysis, with severe central nervous sys- 
tem injury occurr-ng in 1. There were 4 late deaths, 3 
occurring suddenl~ in patients with severe AR; the oth- 
er was. noncardiac, in a patient with mild AR. 

Since 1973, the incidence of mild or no AR after 
surgery has increased, although follow-up is clearly 
shorter. A decrease in AR postoperatively was evident 
in 46% (12 of 26) of those operated on at <age 10 years 
compared to only .4% (2 of 14) of those operated on at 
>age 15 years (p = 0.044). Since 1973, the respective 
values were 55% (@ of 11) and 0% (0 of 4) compared to 
40% (6 of 15) anc 20% (2 of 10) before that vear. In 
terms of durability of the valvuloplasty, the prabability 
of remaining free of reoperation or death was 76 and 
51% at 12 and 13 vears postoperatively, respectively 
(Figure 3). 

VENTRICULAR S3PTAL DEFECT CLOSURE AND AORTIC 
VALVE REPLACEMENT: The ages at surgery in these 15 pa- 
tients ranged from 2 to 30 years (median 16). There 
were 2 perioperatwe deaths and 1 late death (Table 
Ill). At follow-up of 2 to 19 years (median 7), AR was 
absent in 6 patients (43%), mild in 4 and moderate in 
the other 2. Repeat valve replacement was necessary in 
2 patients because Df stenosis in 1 and stenosis with re- 
gurgitation of a po-cine prosthesis in the other. 

DEATHS: There were 20 deaths (15 perioperétive, 5 
late), 19 occurring among patients operated on before 
1973. The remaining patient died 12 years pos-opera- 
tively due to thrombosis of a prosthetic valve afte- omis- 
sion of anticoagulant therapy. All but 1 of the 20 pa- 
tients had severe AR preoperatively. The probability of 
survival at 25 years was 80% (Figure 4). 


DISCUSSION 

Anatomical features: In uncomplicated VSD in this 
country, the autopsr location was subcristal in 7C% and 
subpulmonary in 8%,!° similar to our angiographi> find- 
ings and in contrast to 49 and 17%, respectively, in Ja- 
pan.’ In Western VSD surgical series, AR has been not- 
~ ed in 2.2 to 12%!LE with the VSD being subcristal in 
71% and subpulmorary in 29% of patients with AR. In 
oriental VSD surgical series, AR occurred in 7 to 13% 
with the VSD being subcristal in 20% and subrulmo- 
nary in 80% of thos2 with AR.”-’-?.25 In this series, the 
respective values were 75 and 25%, with development of 
AR being 2.5 time. more likely among those with a 
subpulmonary defecc. Regardless of race in VSD with 
AR, men are more commonly affected,452.11,12,16-24 þe- 
ing 64% in this series in contrast to 49% in uncomplicat- 
ed VSD.” In terms əf cusp prolapse, our data are com- 
parable to those previously reported, with the righ- cusp 
involved in most anc in all with a subpulmonary VSD. 
Noncoronary cusp prolapse alone occurred only in those 
with a subcristal defect while left cusp prolapse was not 
seen in any. Bicuspid valves, including our own, have 
been reported in 5% nf surgical patients, the VSD being 
subpulmonary in one third of these.2>!624 Pulmonary 
stenosis, valvar anc subvalvar, noted in other se- 
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ries*45,8-12,19-21,24 was present in 46% of our patients, 
with obstruction being progressive in almost all with a 
double-chambered right ventricle. Similar to other re- - 
ports, the pulmonary systemic flow ratio was low (medi- 
an 1.6) and none hac vascular obstructive disease. 122823 

Aortic regurgitation onset and progression: Our 
data confirm that AR is acquired. Our earliest onset 
age was 6 months.’ The median onset ages reported 
ranged from 5.5 to 14 years,!2 ours being 5.3 years, sim- 
ilar to Japan.’ Among adults, a median age of 36 years 
has been observed in 10% of VSD patients, although 
only 2 of 10 had a murmur and no prior history of endo- 
carditis.'? Progression of AR, rapid in some, was noted 
in 56% by Plauth® and in 52% by Nadas,‘ being slow in 
most over 5 to 10 years. An increase in 36% of those 
with mild AR over 6.5 years and in 11% of moderate 
AR over 3.5 years wes observed by Karpawich!® and in 
17% during a 13-yeaz period by Halloran.!! In this se- 
ries, overall, 29% progressed during a median of 6 years; 
among 19 followed medically for a median 15 years, 
progression has occurred in 26%, although remaining 
mild in 47%, 2 of wham have been followed for 32 years 
or more. 

Endocarditis: In uncomplicated VSD, the occur- 
rence rate is 1.5/1,000 patient years.*° In our series, the 
rate was 15, 21 in medically and 9 in surgically man- 
aged patients. Of approximately 50 episodes reported in 
the literature and incliding our own, 88% occurred pre- 
operatively, with 1 death and severe AR in 2, and 12% 
postoperatively, with 3 deaths and severe AR in anoth- 
er. Thus, while endocarditis is more common in unoper- 
ated patients, surgery does not eliminate this risk. 

Surgical results: It must be emphasized that this re- 
view period covers the entire cardiac surgical era and 
that advances have been such that mortality rates are 
now almost zero. 

In terms of surgice! management in the reports re- 
viewed !.3.9,8-14,16,19,21-2¢.27-30 and including our own, 
VSD closure alone was carried out in 197 patients, most . 
with mild AR, with 7 early deaths (4%). AR was re- 
duced in 61%, including 44% in whom it was eliminat- 
ed. Where data were available, AR was improved in 
subcristal defects in 15 of 39 (38%) patients, including 
complete relief in 7 of 29 (24%) in subpulmonary de- 
fects in 13 of 23 (57%) and 11 of 27 (41%), respectively. 
Although patient numoders are small, they suggest that 
VSD closure alone was more effective in those with a 
subpulmonary VSD. Valvuloplasty procedures in addi- 
tion to VSD closure were carried out in 368 patients in _ 
the reports reviewed, including our own, with 30 early 
deaths (8%). From available data, AR was improved in 
70%, including 32% in whom it was eliminated. Age at 
operation ranged from 2 to 35 years (mean 12.7) and 
follow-up from 0.1 to 29 years (mean 3.8). More satis- 
factory decrease of AR has been reported among youn- 
ger patients,’ while in another series, it was more effec- 
tive in patients over age 5 years than in those younger. !® 
In our own data, results were better among those under 
age 10 years comparec to those over 15 and in those 
operated on since 1973, with the probability of remain- 
ing free of reoperation or death being 76% at 12 years 





TABLE IV Surgical Results in Series with >25 Patients 
VSD Closure (%) 





Total 
No. of 


Reference Patients n ED No AR Less AR n 


M 
oO 
(ës) 


Noo 
(Oo @ 


0 
0 
0 
0 
8 
7 
0 
0 
0 
8 


VSD Closure and VP (%) 


VSD Closure and AVR (%) 


NoAR  LessAR 


ED = early deaths; U = unknown; VP = valvuloplasty VSD = ventricular septal defect; other abbreviations as in Table It. 


and 51% at 18 years postoperatively. Valve replacement 
and VSD closure in the series reviewed, including our 
own, were undertaken initially in 89 of 592 operations 
(15%) with 16 early deaths (18%). Where information 
was available, AR was improved in 84%, including 67% 
in whom it was eliminated. These patients in general 
were older than those in the other 2° groups. Overall 
results of these 3 methods of management in a series 
with 225 patients are listed in Table IV. It may be seen 
that early mortality was least among the VSD closure 
group and more effective AR relief was accomplished in 
the valve replacement group. 

It is difficult to make recommendations for manage- 
ment of this uncommon lesion, based on data collected 
over 40 years. Nevertheless, we would suggest that any 
subpulmonary VSD in the first decade of life should be 
closed. In addition, in this age group, any patient with 
audible AR should be operated on regardless of AR se- 
verity or VSD location. A valvuloplasty will be neces- 
sary in virtually all with moderate cr more AR. In those 
older than 15 years, we suggest continued medical ob- 
servation where AR is stable and moderate or less. 
Clearly any patient with severe AR requires surgery re- 
gardless of age. Strict endocarditis prophylaxis is essen- 
tial. With regard to the type of procedure, in the last 
analysis the final decision is a surgical one. VSD closure 
alone may be undertaken in those with mild AR, recog- 
nizing that many will have some, albeit less, AR. A val- 
vuloplasty will be necessary in the majority and, while 
residual AR is less in only half, the durability is 76% at 
12 years. Valve replacement as a primary procedure 
should be undertaken only as a last resort. 
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Frequency and Prognosis of Arrhythmias After 
Operative “Correction” of Tetralogy of Fallot 


Guy Vaksmann, MD, Anne Fournie”, MD, André Davignon, MD, Gilles Ducharme, PhD, 
Lucile Houyel, WD, and Jean-Claude Fouron, MD i 


Two hundred tw2nty-four consecutive patients 


operated on for tetralogy of Fallot were follawed 
from 1 to 28 yeers (mean 11). Mean age at sur- | 
gery was 5.3 years (range 1 to 14). Postoperative 
right ventricular systolic pressure was 60 mm Hg 
in 19 of 213 patients (9%). Fourteen patients (6%) 
had ventricular premature complexes on surface | 
electrocardiogra™ns. Seventy-nine patients under- 
went treadmill exercise tests, and ventricular pre- 
mature complexes were induced in 17 (22%).. 
Twenty-four-hour ambulatory monitoring in 92 pa- 
tients demonstrated significant ventricular arrhyth- 
mias (> grade 2 of the Lown classification) in 41 
(45%). The frequency of ventricular arrhythmias © 
correlated with length of follow-up and duration of 
cardiopulmonary bypass. No correlation was found 
with. age at surgery; postoperative right ventricular 
systolic pressure and importance of conduction de- 
fects on electrocardiogram. There.were no sudden 
or unexpected deaths during follow-up. f 

(Am J Cardiol 1990;66: iat. 
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r of tetralogy of Fallot and have been recognized 

as a risk indicator for sudden death, which has 

been reported in up to 5% of patients.’-> Whether all 
patients with ventricular arrhythmias should receive 
antiarrhythmic treatment or whether treatment should 
be reserved for patients with adcitional risk factors is 
still unresolved. This study reports our experience with 
patients operated on for tetralogy of Fallot in our insti- 
tution, with special attention paid to frequency and 


VV sical arrhythmias are common after repair 


prognosis of ventricular arrhythmias managed with an. 


overall conservative approach. 


METHODS 

Two hundred twenty-four consecutive paticis who 
underwent correction of tetralogy of Fallot from 1960. 
to 1986 at Sainte-Justine Hospital and who were. fol- 
lowed for >1 year were reviewed. Ali patients were op- 
erated on by the same surgical team. A systemic-to-pul- 
monary artery anastomosis. had been created before cor- 
rective surgery in 139 patients; primary repair had been 
done in the others. Clinical status was determined in 
207 patients. (93%) (clinical assessment in 197, phone 
evaluation in 10) during the 18 months before the end 
of the study (17 patients were lost to follow-up); 203 of 
those clinically assessed (98%) were in functional class I 
or II of the New York Heart Association. On chest 
roentgenogram the heart was usually of normal size or 


slightly enlarged; the mean. cardiothoracic index was 
0.52 + 0.07. Age at corrective surzery ranged from 1 to - 


14 years (mean 5.3). Duration of postoperative follow- 
up from surgery to evaluation was 1 to 28 years (mean 
10.6). 

A second intracardiac procedure had been per- 


formed in 6 patients (3 for outflow tract aneurysm, 2 


for residual ventricular septal defezt, 1 for subaortic ste- 
nosis). Right ventricular. systolic pressure measured at 
the end of the surgical procedure’ after hemodynamic 
stabilization was available in 209 patients. In 38 pa- 


tients postoperative cardiac catheterization had been . 


done 6 months to 26 years after correction. A good cor- 
relation with a sensitivity of 89% was found. between 
immediate postoperative right vertricular systolic pres- 
sure and pressure measured at postoperative cardiac 
catheterization.® 


~ Twelve-lead electrocardiograms recorded preopera- 


tively, postoperatively and at each follow-up visit (aver- 
age 0.9 per year) were reviewed, with special attention 
given to the presence of arrhythmias or conduction de- 
fects. Complete right bundle branch block was defined 
as a QRS duration >0.10 second i in patients younger 


than 16 years of age and >0.12 secand in older patients. 
Left axis deviation was defined as a QRS mean frontal 
plane axis between —30 and —120°. | 

Treadmill exercise test to maximal tolerance was 
performed using the Bruce protoco! in 79 patients. The 
electrocardiogram was displayed on an oscilloscope and 
observed for rhythm during and for 5 minutes after ex- 
ercise. The test was considered positive if it induced =1 
ventricular premature complex. The mean age at sur- 
gery of this group of patients was 5.6 years with a mean 
follow-up of 12.6 years. 

‘Twenty-four-hour ambulatory monitoring was per- 
formed in 92 patients; in 85 patients it was done during 
18 months before the end of the study. All patients were 
studied as outpatients. These patients do not differ from 
the total group for mean age at surgery (5.4 years) and 
mean follow-up duration (11.4 years). Ventricular ar- 
rhythmias were graded using a modification of Lown’s 
criteria’? proposed by Deanfield et al’: grade 0 = no ven- 
tricular premature complex; grade 1 = uniform venitric- 
ular premature complexes with a peak hourly count 
<30; grade 2 = >30 ventricular premature complexes 
in any hour; grade 3 = couplets or multiform ventricu- 
lar premature complexes with a peak hourly count <30; 
grade 4 = couplets or multiform ventricular premature 
complexes >30 in any hour; and grade 5 = ventricular 
tachycardia defined as 23 consecutive ventricular pre- 
mature complexes with a mean rate >110/min. Ven- 
tricular arrhythmias were considered significant when 
zgrade 2. 

Since 1986, 9 patients have been treated with phe- 
nytoin for significant ventricular arrhythmias. The 
mean duration of treatment from beginning to the last 
evaluation was 1.3 years. 

Statistical significance of proportions was deter- 
mined by Fisher’s exact test and means by unpaired 
Student’s ¢ test. Analysis of covariance was also used to 
take into account the possible confounding effects of co- 
variables. A p value <0.05 was considered significant. 


NUMBER OF 
40 


FIGURE 1. Distribution according to 
Lown’s classification of the 92 patients 
who underwent Holter monitoring. For 
classes 3 and 4, solid bars represent 
patients with coupiets. 

















TABLE I Comparison of Clinical Data in Patients With and 
Without Exercise-Induced Ventricular Premature Complexes 


VPCs During NoVPCs 
Exercise During Exercise 
(n= 17) (n= 62) 










p Value 










5.5 + 2.0 
1647 
106.5 


Age at repair (yrs) 

Age at treadmill test (yrs) 

Years post-op at 
treadmil test 


NS = not significant; VPC = ventricular premature complex. 


RESULTS | 

Late deaths: There were no sudden or unexpected 
deaths during follow-up. Four patients died 4 to 17 
years after surgery, 3 from intractable heart failure and 
1 from massive hemaiemesis. | 

Ventricular premature complexes on electrocardio- 
gram: Fourteen of the 224 patients (6%) had at least 1 
electrocardiogram showing ventricular premature com- 
plexes. One of these patients died from intractable heart 
failure 4 years after surgery. Follow-up of these patients 
ranged from 4 to 25 years (mean 13.6). 

Treadmill exercise test: Exercise-induced ventricu- 
lar arrhythmias occurred in 17 of 79 patients (21.5%). 
They were detected only during the immediate recovery 
period in 6 patients, during exercise only in 3, and both 
during exercise and recovery in 8. In 3 patients ventric- 
ular premature complexes, present at rest, disappeared 
with exercise. These are the only 3 of the 14 patients 
with ventricular premature complexes on electrocardio- 
gram who underwent stress testing. Patients with ven- 
tricular arrhythmias were older at the time of the tread- 
mill test and had a longer postoperative follow-up than 
those without ventricular arrhythmias although the dif- 
ferences were not statistically significant. Age at cardi- 
ac repair was not significantly different between the 2 
groups (Table I). 
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TABLE il Risk Factors for Significant Ventricular Arrhythmias Detected by Ambulatory Monitoring 


Significent 
Arrhythmias 
(n= 41) 


Age at surgen (yrs) 
Age at AM (yrs) 
Years postop at AM 
>10 yrs (%} 
Previous shun (%) 
Outflow patch 7%) 
Reoperation (x) 
Duratior of CF3 (min) 
>90 min (%, 
Postop PVSP Cm Hg)* 
>60 mm Hg 7%) 


* Available in 38 patients with and in 47 patients without significant arrhytimias. 


No Significant 
Arrhythmias 
(n=51) 


AM = ambulatory nonitodng; CPB = cardiopulmonary bypass; NS = not 2 gnificant; RY SP = right ventricular systolic pressure. 


Twenty-four hcur ambulatory monitoring: Listribu- 
tion of these 92 pa-ients according to Lown’s classifica- 
tion is shown in Figure 1. Ventricular arrhythmias = 
grade 2 of Lown were found in 41 patients (45%). Sus- 
tained ventricular -achycardia was not detected in any 
patient. Operative and hemodynamic characteristics of 
the 2 groups were compared and are listed in Table. II. 
The incidence of arrhythmias was significantly higher 
when follow-up wa: >10 years and duration of zardio- 
pulmonary bypass >90 minutes. Seven of 26 patients 
(27%) had significaat ventricular arrhythmias wken du- 
ration of cardiopulmonary bypass was <90 minutes, as 
opposed to 52% (34 of 65) when it was >90 minutes (p 
<0.005). Cardiopulmonary bypass duration was not re- 
lated with the vear of surgery (r = 0.09). For duration 
of follow-up and cerdiopulmonary bypass, analrsis of 
covariance could nat demonstrate any difference be- 
tween patients wita ventricular arrhythmias versus 
those without ventr:cular arrhythmias taking in-o ac- 
count the age at surgery. There was no correlation be- 
tween the importance of conduction defects and the 
presence of significant ventricular arrhythmias (Table 
Ty). 

Treatment with phenytoin: Nine patients had been 
treated with phenytcin because of significant ven:ricu- 


TABLE Ill Conductior Disturbances in Relation to the 
Incidence of Arrhythmias Detected on Ambulatory Monitoring 


No Significant 
Arrhythmias 
(n= 5]) 


Significant 
Arrhythmias 


(n= 41) p Vélue 


isolated incomplete RBBE 
isolated complete RBBB 25 
First-degree AV Block + 
complete RBBB 
First-degree AV Blocx + 
incomplete RBBB 
Complete RBBB + LAD 
First-degree AV Block + 
complete RBBB + LAD 
Complete AV block 
Permanent 
Transient 


AV = atrioventricular; LAD = lef- axis deviation: NS = not significant; RBBB = rght 
bundle branch block. 
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lar arrhythmias on ambulatory monitoring. Ventricular 
premature complexes were also present on surface elec- 
trocardiograms in 5. Four patients had palpitations. No 
difference was found between the modified Lown’s clas- 
sification of these 9 patients compared to the 32 un- 
treated patients with significant arrhythmias. Treat- 
ment was successful in 7 of 9 patients. There was no 
difference between postoperative right ventricular sys- 
tolic pressure of treated and nont-eated patients with 
significant ventricular arrhythmias ‘49 + 16 vs 47 + 13 
mm Hg). 


DISCUSSION 

Significant ventricular arrhythmias were present in 
45% of our patients who underwent ambulatory moni- 
toring. This high incidence is similar to that generally 
reported.?®? In this study, the occurrence of ventricu- 
Jar arrhythmias was correlated with duration of cardio- 
pulmonary bypass. Indeed, a cardiopulmonary bypass 
duration >90 minutes almost doubled the incidence of 
arrhythmias. Cardiopulmonary bypass duration was not 
related to the year of surgery. Thus, since all patients . 
have been operated on by the same surgical team, dura- 
tion of cardiopulmonary bypass was almost certainly re- 
lated to the severity of the malformation itself and not 
to the experience of the surgical team. Other factors 
such as conduction defects,’ age at surgery,>°~!° prior 
systemic-to-pulmonary shunt!! and postoperative right 
ventricular systolic pressure,?:!!:!2 which have been pre- 
viously correlated to ventricular arrhythmias, have not 
shown the same relation in our study. The lack of corre- 
Fation with age at surgery may be explained by the fact 
that 77% of our patients have been operated on between 
= and 6 years of age. 

Duration of postoperative follow-up and age at eval- 
tation were higher (although not significantly) in pa- 
t ents with exercise-induced ventricular arrhythmias. In 
addition, on ambulatory monitoring, patients with fol- 
low-up >10 years had a significant increase in the inci- 
dence of arrhythmias. This correlation between duration 
o° follow-up and incidence of ventricular arrhythmias 
has already been reported°’-!°!3 leading to the specula- 
tion by others!4 that the incidence of sudden death will 
be considerably higher in the future than the currently 


reported incidence of 3 to 5%. Although 45% of our 
patients had significant ventricular arrhythmias on am- 
bulatory monitoring and despite 1 of the longest follow- 
ups reported, there were no sudden deaths in our popu- 
lation. This can certainly not be explained by the use of 
phenytoin in 9 patients. Mean duration of treatment 
was short in this group (1.3 years) and a similar number 
of patients with similar arrhythmies and similar hemo- 
dynamic results were not treated and are still alive. Fur- 
thermore, 8 untreated patients with ventricular prema- 
ture comdlexes on their surface electrocardiogram re- 
mained asymptomatic for a meen duration of 14.9 
years. Such a group has been said to be at very high risk 
with a rate of sudden death of approximately 30%,!2.15 
In addition to ventricular arrhythmias other factors are 
certainly implicated in the occurrence of these sudden 
deaths. Most patients with sudden death are reported to 
have a poor hemodynamic result defined by a right ven- 
tricular systolic pressure >60 mm Hg.!°.!! In most 
studies, the rate of these poor results is around 30%.!58 
We had a 9% rate in our group of patients. This could 
explain, at least in part, the excellent outcome of this 
group. 

On tke basis of our findings, we believe that system- 
atic treatment of postoperative arrhythmias has to be 
reconsidered. Antiarrhythmic therapy could be reserved 
for symptomatic patients and patients with complex 
ventricular arrhythmias associated with poor hemody- 
namic results. Further studies and longer follow-up are 
needed for a better understanding of the true signifi- 
cance of ventricular arrhythmias in postoperative tetral- 
ogy of Fallot. 
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An Electrocardiographic Midterm Follow-Up 
Study After Anatomic Repair of Transposition 
of the Great Arteries 


Juan Villafane, MD, Sara White, MG, Francisco Elbl, McC, Allan Rees, MD, 
and Rober- Solinger, MD 


Prospective studies of rhythm and conduction, 


before and after 1-stage anatomic repair of simple 
transposition of the great arteries, were performed 
on 24 survivors. Pre- and postsurgical serial stan- 
dard electrocardisgrams were obtained on each pa- 
tient. Fourteen patients underwent perioperative 
24-hour electrocardiograms; all had follow-up 24- 
hour electrocardisgrams. Rare atrial or occasional 
ventricular premeture complexes were detected in 
3 (11%) patients before operation. After surgery, 1 
patient developed right bundle branch block. Two 
patients developed a left bundle branch block. One 
patient had a QS >attern in Ve, which disapp2ared 
on follow-up electrocardiogram. Transient second- 
degree atrioventricular block was detected in 1 pa- 
tient. A normal P-R interval and P-wave axis were 
present in all but 1 patient. Mild sinus bradycardia 
or rare atrial or ventricular premature complexes 
were detected in 4 of twenty-nine 24-hour electro- 
cardiograms perfermed in the first 2 years after 
surgery. At 3 years after repair, 5 patients had a 
normal 24-hour electrocardiogram and 1 had low- 
grade ectopy (rare atrial and ventricular premature 
complexes). At 4 rears, all 4 patients studied had 
normal 24-hour electrocardiograms. During a mean 
follow-up of 3 years, we have yet to document any 
symptomatic arrhythmias. 

(Am J Cardiol 1990;66:350-354) 
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established surgical prozecures for d-transposi- 

tion of the great arteries, but the high incidence 
of tachy-bradyarrhythmias*-!° and sudden unexpected 
death!'-!3 associatec with atria: baffle repairs has 
prompted some surgeons to refine the anatomic re- 
pair.'*-!7 The arterial switch operation involves the 
transfer of the coronary arteries and sudden death has 
been attributed to myocardial infarction.!® Retrospec- 
tive studies have shown a muck. Icwer incidence of sig- 
nificant tachy-bradyarrhythmias!?-2! and atrioventricu- 
lar conduction abnormalities”? after anatomic correc- 
tion. Interpretation o? these findings is complicated by 
the heterogenous nature of both the patients and surgi- 
cal techniques used. The purpose of this study was to 
determine prospectively the midterm effects of the arte- 
rial switch operation cn cardiac rhythm and the conduc- 
tion system before and after 1-stage anatomic repair. 


Ts Mustard!* and Senning? operations are the 


METHODS 

Study patients: Cur study group consisted of 24 
neonates who underwent successful anatomic repair for 
simple transposition of the great arteries, using tech- 
niques developed by Lecompte,!* Castaneda,!° their co- 
workers and Mavroudis'’ from January 1985 through 
May 1989. Prospective studies cn 16 patients began in 
July 1986. Eight patients repaired before this date were . 
included in the study. Most of the patients had pre- and 
postoperative electrocardiograms and 24-hour electro- 
cardiograms at timed intervals. Balloon atrial septosto- 
my was performed on 18 (75%) patents. Three patients 
had abnormal coronary arteries and 1 had coarctation 
of the aorta. All patients underwent anatomic repair 
during the first week of life. The mean weight at opera- 
tion was 2.6 kg. Twenty-three patients underwent “atri- 
al septal defect” closure with running or mattress suture 
during anatomic repair. Most of the surgical procedure 
was performed under low-flow card:opulmonary bypass 
after deep systemic hypothermia and the use of potassi- 
um-blood cardioplegic solution. The aortic cross-clamp 
time was <60 minutes. Eighteen patients underwent 
cardiac catheterization 8 to 12 months after anatomic 
repair. All survivors were without cardiac medications 2 
to 18 months after repair. 

One patient with a transversal course coronary ar- 
tery (type E according to Yacoub’s classification)? had 
a lethal myocardial inferction seconcary to an obstruct- 
ed left main coronary artery 2 months after anatomic 


TABLE I Number of 24-Hour Electrocardiographic Studies 
Performed During the Study 


53 Holter Recordings 


Years Postoperatively 


No. of Patients 
* Farly postoperative period (mean 35 days); | onlv 1 patient had study before 


atrial septostomy; t 2 patients had only 1 study during follow-up. 
Preop = before operation. 


repair. Of interest, another newborn with simple trans- 
position of the great arteries had several episodes of sud- 
den-onset supraventricular tachycardia during cardiac 
catheterization before balloon atrial septostomy. He 
died a few hours after anatomic repair as a result of 
refractory supraventricular tachycardia and therefore is 
not included among the patients in our midterm follow- 
up. 
Electrocardiographic follow-up: A total of 170 (av- 
erage 7/patient) serial electrocardicgrams were carried 
out in the pre- and postoperative period. These trac- 
ings were analyzed for conduction defects, P-wave mor- 
phology and patterns of myocardial misperfusion. Stan- 
dard age-corrected electrocardiographic criteria were 
used.24 In addition, 24-hour electrocardiogram monitor- 
ing studies were obtained at preset timed intervals— 
preoperatively and 1, 2, 3 and 4 years after surgery. All 
survivors had at least one 24-hour electrocardiogram 
study (Figure 1). Due to timing of surgery or severe 
illness in several patients, we had to postpone the preop- 
erative 24-hour electrocardiogram tc the early postoper- 
ative period. Four patients had a 2-channel 24-hour 
electrocardiogram performed before surgery and 1 be- 
fore balloon atrial septostomy. Ten patients had a 24- 
hour electrocardiogram performed during the early 
postoperative period (3 days to 4 months, mean 35 days, 
Table I). The incidence and type of arrhythmia were 
analyzed with respect to age at surgery, medical treat- 
ment, residual hemodynamic abnormalities and com- 
plexity of the surgical procedure. 

Analysis of data: Electrocardiographic analysis was 
performed by 2 observers (JV, SW). Analysis and inter- 
pretation of 24-hour electrocardiograms were done by 1 
observer (JV). The 24-hour recordings were used to de- 
termine the dominant rhythm, atrioventricular conduc- 
tion, the presence of brady-tachyarrhythmias and the 
frequency of ectopic beats. 

Sinus bradycardia and a wandering pacemaker 
rhythm with a rate >70 beats/min in infants and 50 
beats/min in older children were considered normal.” 
Atrial premature complexes <30/hr were classified as 
“rare.” Ventricular premature complexes <10/hr were 
classified as “rare” and 11 to 30/hr as “occasional.” 
Statistical analysis was performed using the 2-tailed t 
test. A p value <0.05 was considered statistically signif- 
icant. All values are expressed as a mean and 1 stan- 
dard deviation. 








TABLE Il incidence of Arrhythmias Detected by Scalar and 
24-Hour Electrocardiograrns in 24 Survivors 


No. of Patients 
Years Postoperatively 


Type ECG Preop 0O* 2 3 


* Early postoperative period (mean 35 days): tI patient had atrial premature 


compiexes detected by scalar and 24-hour e 
a 


ectrocardiogram; * a patient with >1 


ECG= electrocardiogram: Preop = before operation. 


RESULTS 

Occurrence of arrhythmias: Two types of arrhyth- 
mias, rare atrial and occasional ventricular premature 
complexes, were detected in 3 patients before anatomic 
repair (Table II). In addition, a 1-day-old infant with 
transposition of the great arteries and perinatal asphyx- 
ia who underwent an emergency cardiac catheteriza- 
tion developed sudden-onset supraventricular tachycar- 
dia before balloon atrial septostomy. The tachycardia 
was terminated with programmed atrial or ventricular 
extra-stimulation. After anatomic repair, he succumbed 
to the recurrence of a tachyarrhythmia that could not 
be terminated by cardioversion, programmed ventricu- 
lar extrastimulation, digoxin or propranolol. No other 
arrhythmic deaths occurred. 

In the immediate postoperative period, there were 2 
types of transitory arrhythmias, second-degree atrioven- 
tricular block and supraventricular tachycardia. Three 
years after surgery, 1 of 4 patients who had experienced 
transient arrhythmias after the immediate postoperative 
period remained with rhythm disorders on more than 
one 24-hour electrocardiogram. None of 4 patients who 
underwent the fourth year postoperative 24-hour elec- 
trocardiogram had a significant arrhythmia during the 
recording. 

Preoperative electrocardiogram recordings: Three 
(11%) patients had either rare atrial or occasional ven- 
tricular premature complexes. Normal P-R interval, P- 


One 24-hr ECG 
Two 24-hr ECG 


Three 24-hr ECG 


Total Patients 


l0 I5 20 25 


FIGURE 1. Number of 24-hour electrocardiographic studies 
(per patient) performed during the study. ECG = electrocar- 
diographic monitoring. 


THE AMERICAN JOURNAL OF CARDIOLOGY AUGUST 1, 1990 351 





TABLE JH Results of 24-Hour Electrocardiographic 
Recordings Before and After Anatomic Repair 


24-Hour Electrocardiograms 
Years After Operation 


1 2 3 4 
(n=5) (n=14) (n=16) (=8) (n=5) 


M194 116* 122 
SD9 13 

M63 

SD? 

M 100 

SD 14 

M 176 

SD 26 


Preop 


P-R interval (ms) 
ORS duration (ms) 


Low heart rate 
(beats /min) 
Max heart rate 
(beats/min) 


a 
p <0.05, 
M = mean; Max = maximal: Preop = preoperative period; SD = standard deviation. 


TABLE IV Arrhytomias Before and After Anatomic Repair in 
24 Patients 


Scalar and 24-Hour Electrocardiograms 


Years Post- 
operatively 


SVT 

Rare APC 

Rare VPC 

Occ VPC 

Sinus bradycardias 
Second-degree AV bock 

* Early postoperative perioc (mean 35 days); t a newborn developed supraventric- 
ular tachycardia before grd after anatomic repair and died; * transitory errhythmia in 
1 patient; $ <70 beats /rrin in infants or <50 beats/min in children. 

AV = atrioventricular; Dec VPC = ventricular premature complexes .1 to 30/hr; 
Preop = before operaticn; Rare APC = atrial premature complexes <30/hr; Rare 
VPC = ventricular prem-ture complexes <10/hr; SVT = supraventricu ar tachycar- 
dia. 





wave axis and snus rhythm were present in all of the 
electrocardiograms. 

Postoperative scalar electrocardiogram: After sur- 
gery, all patients hed 21 electrocardiogram for review 
(mean 7). One patient had intermittent, transitory sec- 
ond-degree atrioventricular block and Mobitz II and 1 
patient had had complete right bundle branck. block. A 
transitory left tundle branch block pattern was ob- 
served in 2 patients. Postoperative electroca-diograms 
revealed right atriai enlargement in 4 patients. The P- 
wave amplitude measured 0.1 to 0.3 mV (mean 0.17). 
Only 1 patient nad an abnormal P-wave axis (—45°). 
The QRS axis was abnormal in 4 patients with right- 
axis deviation. Cne patient had an abnormal electrocar- 
diographic pattern, gS with inverted T wave in Vg, 
which normalized a few months after anatomic repair. 
Transient ST-T changes were observed in 7 patients. 

Postoperativ2 24-hour electrocardiogram: There 
was a small but significant increase (p <0.05> of the P- 
R interval 1 year after anatomic repair. Overall, the P- 
R intervals were within normal limits if corrected for 
age. The minimam and maximum mean heart rates fol- 
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low the usual tendency to decrease during the aging 
process of the patients (Table III). Sinus bradycardia 
was detected in 1 patient at 1 year and another patient 
at 2 years after anatomic repair (Table IV}. All of the 
follow-up patients remained in sinus rhythm with an ad- 
equate chronotropic response to various types of activi- 
ties. Junctional rhythm of >10 beats was not detected 
in our patients. One patient hed rare atrial and ventric- 
ular premature complexes on a 24-hour electrocardio- 
gram performed 1 week after anatomic repair. During 
the recording, the patient developed a brief episode of 
supraventricular tachycardia at a rate of 260 beats/ 
min. The tachyarrhythmia did not recur during the fol- 
low-up period. Rare atrial and ventricular premature 
complexes occurred in 1 patient at the second postoper- 
ative year. One patisnt with atrial premature complexes 
before surgery had rare atrial and ventricular prema- 
ture complexes at the third postoperative year (Table 
IV). 

Influence of other factors: Several clinical factors 
were evaluated to determine if there was a relation with 
conduction or rhythm disturbances after anatomic re- 
pair. The age of the patient at the time of the operation 
did not appear to influence the cardiac rhythm. Balloon 
atrial septostomy was performed in 70% of the patients 
with rhythm disorders compared to 79% of arrhythmia- 
free patients. Only 1 patient was receiving treatment 
with digitalis at the onset of an arrhythmia. None of the 
patients with conduction or rhythm disorders had sig- 
nificant residual hemodynamic abnormalities. The com- 
plexity of surgery during anatomic repair may influ- 
ence some of the conduction and rhythm disturbances. 
The patient with irtermittent, transitory second-degree 
atrioventricular block and Mobitz II underwent closure 
of an atrial septal defect. The patient with complete 
right bundle branch block had had extensive manipula- 
tion of the right coronary artery. The incidence of late 
arrhythmias was similar to that of the perioperative pe- 
riod. 


DISCUSSION 

Intraatrial baffle repair has been the traditional cor- 
rective procedure for simple transposition of the great 
arteries. Postoperative long-term complications are 
common, and include baffle obstruction,?*®:!!.26 residual 
intracardiac shunts? and late onset brady-tachyar- 
rhythmias.*4-!%.26 The residual ventricular-arterial dis- 
cordance in patients who had the Mustard or Senning 
operation is associated with significant hemodynamic 
abnormalities and include, most importantly, right ven- 
tricular dysfunction®*:!2!3 and tricuspid valve insuffi- 
ciency.*® Potentially lethal brady-tachyarrhythmias are 
the most frequent complications after intraatrial baffle 
repair. Some of the postopzrative complications ap- 
peared to be related to factors inherent to extensive atri- 
al surgery* and chronic right ventricular stress.'* The 
arterial switch operation avoids extensive atrial surgery 
while correcting the anatomical ventricular-arterial dis- 
cordance of transposition of the great arteries. Recent 
improvements in surgical techniques and postoperative 


Pat 


care have decreased the overall mortality to levels com- 


' parable with the Mustard and Senning operations. 


However, the translocation of the coronary arteries in 
the arterial switch operation has contributed to peri- 
operative and late mortality.!6-18.27 Postoperative com- 
plications may well play an important role in deciding 
the surgical approach in a patient with transposition of 
the great arteries. 

Patients who underwent anatomic repair have a low 
incidence of significant arrhythmias.'§-2227 Some of 
these arrhythmias first occurred before the operation.*! 
In our study, 3 patients had arrhythmias detected be- 
fore anatomic repair. Atrial arrhythmias may be intrin- 
sic to transposition of the great arteries. We had a 
patient who developed supraventricular tachycardia be- 
fore balloon atrial septostomy and another patient in 
whom supraventricular tachycardia was detected a few 
days after surgery. 

During the midterm follow-up of 3 years, we were 
unable to detect rhythm disturbances by scalar electro- 
cardiogram. Asymptomatic, low-grade atrial and ven- 
tricular ectopic activity were infrequently observed in 
24-hour electrocardiograms performed 1, 2, 3 and 4 
years after anatomic repair. These arrhythmias were 
transitory in most patients and none prompted antiar- 
rhythmic therapy. A possible cause for atrial premature 
complexes after anatomic repair may be atrial septal 
defect closure, 4 common te procedure (96%) in 
our patients. 

The frequency of rhythm and conduction distur- 
bances after the Mustard operation varies from 13 to 
100%.° Sinus rhythm decreases in patients who are fol- 
lowed for longer periods.®° After a mean follow-up of 3 
years, all of our patients remain in sinus rhythm and we 
have yet to document any significant bradyarrhythmias. 
Asymptomatic sinus bradycardia was noted in some of 
our patients after anatomic repair. This rhythm has 
been observed in unoperatéd transposition of the great 


. arteries patients:2° Further, some authors categorized 


this rhythm abnormality as benign in nature.” This 
finding was in sharp contrast with the high incidence of 
sinus bradycardia>? and junctional rhythm*7:!©° after 
intraatrial baffle repair. Pacemaker therapy was not 
prescribed in any of our patients, but was required in 5 
to 28% after the atrial baffle operation.>-”!! 

Different degrees of atrioventricular block have been 
reported in children who underwent the Mustard®-8 and 
Senning? operations. Atrioventricular conduction, as ex- 
pressed by the P-R interval, was normal in all of our 
patients after the immediate postoperative period. ` 

Transient electrocardiographic patterns of myocardi- 
al hypoxic insult were present in our patients but with- 
out clinical consequences, except in 1 patient who died 
with myocardial infarction 2 months after anatomic re- 
pair. Myocardial infarction and sudden death have been 
reported in survivors after anatomic correction in other 
series.” 

The changes observed in the P-wave axis and ampli- 
tude after atrial baffle operations? may be due to surgi- 
cal distortion of the normal atrial anatomy, an ectopic 


atrial rhythm or secondary to direct trauma to the sinus 
node or its artery. The P-wave amplitude was normal or 
prominent in all of our patients and only 1 patient had 
an abnormal P-wave axis. 

While these midterm results are encouraging, the 
long-term prognosis of these children remains unknown. 
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MISCELLANEOUS 


Safety of Cardiac Angiography with Conventional 
lonic Contrast Agents — 


John W. Hirshfeld Jr., MD, William G. Kussmaul, MD, Peter M. DiBattiste, MD, 
and the Investigators of The Philadelphia Area Contrast Agent Study” 


To characterize the frequency of adverse reactions 
to conventional ionic contrast agents, data describ- 
ing the frequency of such reactions were gathered 
from 4,630 diagnostic cardiac angiographic proce- 
dures. The patient population had a large preva- 
lence of severe or unstable cardiac disease (56% 
had New York Heart Association class Ill, IV or V, 
12.6% had left ventricular end-diastolic pressure 
>25 mm Hg and 34% had 3-vessel or left main 
coronary artery disease). The overall minor adverse 
reaction rate was 14.2%. Major adverse reactions 
(requiring treatment) occurred in 61 (1.39) of pro- 
cedures. All adverse reactions were managed suc- 
cessfully and there were no deaths. Adverse reac- 
tions were more frequent in patients with higher 
New York Heart Association classes and with ele- 
vated left ventricular end-diastolic pressure. The 
adverse reaction rate was not increased in patients 
with more extensive coronary artery disease, re- 
duced left ventricular ejection fraction or reduced 
cardiac index. The overall adverse reaction rate 
was probably influenced by physician behavior. 
Smaller volumes of contrast agent were adminis- 
tered to patients with more severe cardiac disease. 
Six percent of procedures were abbreviated either 
because of an adverse reaction or of concern that a 


_ reaction might occur if the procedure were contin- 


ued. As a result, the diagnostic data obtained were 
judged to be inadequate in 0.8% of procedures. 
These data demonstrate that appropriate operator 
caution within the highly monitored environment of 
the cardiac catheterization laboratory allows cardi- 
ac angiography to be performed safely with con- 
ventional ionic contrast agents in most patients. 
Nonionic contrast agents may offer an advantage of 
providing greater safety and allowing a better 
study completion rate in patients who are severely 
ill and hemodynamically precarious. 


(Am J Cardio] 1990; 66:355-361) | 
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*See Appendix. 


raphy have been important diagnostic tools since 

their introduction in the late 1950s.'-> Since that 
time the most commonly used contrast agent has been 
the ionic salt of diatrizoic acid. Clinically useful for- 
mulations of this compound have osmolalities >2000 
mOsm/kg,* and are designated as high osmolality con- 
trast agents (HOCAs). Shortcomings of these agents in- 
clude depression of myocardial contractile function,> ex- 
pansion of intravascular volume® and alteration of car- 
diac electrophysiologic function.’ 

Currently, there are 4 low osmolality contrast agents 
(LOCAs) (iohexol, iopamidol, ioversol and ioxaglate) 
available for cardiac angiography. They cause less he- 
modynamic and electrophysiologic disturbance®-!° and 
accordingly offer the promise of improved safety and 
efficacy. However, the degree to which LOCAs, which 
are considerably more expensive, actually improve the 
safety and efficacy of cardiac angiography has not been 


S elective cardiac angiography and coronary angiog- 


. determined. ; 


To determine the proper role of LOCAs in cardiac 
angiography, it is necessary to know the safety and effi- 
cacy of HOCAs. Furthermore, it is important to know 
whether certain subsets of patients are at an increased 
risk of an adverse reaction to an HOCA and may be 
more likely to benefit from a LOCA. Accordingly, we 
studied the frequency, severity and consequences of ad- 
verse reactions to HOCAs in diagnostic cardiac angiog- 
raphy. 


METHODS ' 

Study design: The Philadelphia Area Contrast 
Agent Study was organized in 1985 to gather informa- 
tion concerning the safety and efficacy of HOCAs. The 
13 participating cardiac catheterization laboratories are 
listed in Table I, and include both university and com- 
munity hospitals. 

We recorded data for procedures performed between 
May 5, 1985, and February 28, 1986, by means of a 
questionnaire that was completed by the responsible 
angiographer immediately after the procedure. In some 
laboratories not all angiographers participated and data 
were collected only from procedures performed by par- 
ticipating investigators who recorded data for all the di- 
agnostic procedures they performed during the study 
period. Completeness of reporting was not independent- 
ly monitored, but comparison of the number of complet- 
ed procedure reports with known activity levels indicat- 
ed a high degree of reporting completeness. Except for 5 
procedures performed with ioxaglate, all procedures 
were performed with HOCAs. There was no bias to se- 
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TABLE | Philadelphia Area Contrast Agent Study Par-icipating 4ospitals 
Participeting Hospitals 


Abingtor Memoria’ Hospital* 

Albert Einstein Medical Center* 

Bryn Mawr Hospita * 

Cooper Hospital University Medical Center* 
Crozer-Cheste~ Medical Center” 

Deborah Heart and Lung Center 

Graduate Hosr:tal™ 

Hahnemann University Hospital* . 

Hospital of the Medical College of Pennsylvania* 
Hospital of the University of Pennsylvania 
Presbyterian Hospral* 

Temple University Hospital 

Thomas Jefferson University Hospital 
Hospital of the University of Pennsylvaniat 


* Hospitals in which not <li physicians with catheterization privileges part cipated. 
t Data coordinating center. 


lect low risk patients to receive HOCAs since LOCAs 
were not available for routine clinical use at this time. 

Data recorded: The data items recorded for each 
procedure are listed in Table II. New York Heart Asso- 
ciation functional class was recorded!! with the addition 
of a class V representing patients in extremis at the be- 
ginning of the procedure. The study protocol did not 
govern procedure conduct. Thus, right-sided heart cath- 
eterization was noi performed in many patients, and in 
some patients left ventriculography was not performed. 
Consequently, complete data are not available for all 
patients. 

Cardiac index was recorded as a categorical variable 
using 2 categories representing normal and reduzed val- 
ues. Left ventricular end-diastolic pressure was similarly 
recorded in 3 categories representing the normal range, 
moderate and severe elevations. If left ventriculography 
was performed, the left ventricular ejection fraction was 
estimated and assigned similarly to 1 of 3 categories. 

The study protccol stipulated that only adverse reac- 
tions attributable to contrast agent administration be re- 
corded. A major reaction was defined as one -hat re- 
quired treatment. This classification was made by the 
individual investigetors. Table II lists the categories of 
recorded adverse reactions. The nature of the daza gath- 


PERCENT OF PROCEDURES 


NONE MAJOR 


MINOR ONLY 
ADVERSE REACTION TYPE 





FIGURE 1. Frecuency of occurrence of major and minor 
adverse reactions. 
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Abington, Pennsylvania 
Philadelphia, Pennsylvania 
Bryn Mawr, Pennsylvania 
Camden, New Jersey 
Upland, Pennsylvania 
Browns Mills, New Jersey 
Philadelphia 

Philadelphia 

Philadelphia 

Philadelphia 

Philadelphia 

Philadelphia 

Philadelphia 

Philadelphia 





ering procedure mace it impractical to detect contrast 
agent-induced renal failure. 

In addition to recording adverse reactions, we en- 
deavored to assess examination adequacy. The angiog- 
rapher recorded whether or not the examination was ab- 
breviated (defined as failure to carry out as comprehen- 
sive an examination as originally planned). For exam- 
ple, if the angiographer had originally intended to per- 
form left ventriculography but chose not to—either 
because an adverse reaction occurred or because of con- 
cern that the patient would not tolzrate further contrast 
agent injections—the procedure was classified as “ab- 
breviated”’. If the angiographer classified a procedure as 
abbreviated, he or she also classified the data obtained 
as adequate or inadequate for clinical decision making. 
We gathered data concerning procedure completion 
during the entire study. At the midpoint of the study, 
interim data analysis demonstrated that procedure ab- 
breviation was being reported only when a major ad- 
verse reaction occurred. We felt that the data collection 
instrument was not detecting an important aspect of | 
procedure conduct: the abbreviation of a procedure be- 
fore an adverse reaction occurs. Accordingly, we added 
a question about procedure abbreviation because of con- 
cern that an adverse reaction might occur if the proce- 
dure were continued. This question was answered for 
procedures performed during the second phase of the 
study. 

Statistical analysis: The patent population was 
characterized by calculating the mean values, ranges 
and standard deviations of continuous variables, and the 
frequency distributions of categorical variables. The fre- 
quencies of reactions in the various patient categories 
were tabulated and 95% confidence limits for propor- 
tions were calculated.!* Associations between patient 
characteristics and the frequency of contrast agent reac- 
tions were identified using a 2-tailed ¢ test or analysis of 
variance for continuous variables and the chi-square test 
for categorical variables. Significance was defined as p 
<0.05. 


RESULTS 
- Patient population: We obtaired data from 4,630 
procedures. The characteristics of the patient popula- 


a 


tion are listed in Table III. There is a large prevalence 
of severe and unstable cardiac disease typical of the pa- 
tient population of many cardiac catheterization labora- 
tories. 

Adverse reactions to contrast agent: The frequency 
and types of adverse reactions are shown in Figures 1 
and 2. There were no reactions in 3,911 (84%) of proce- 
dures. Minor reactions occurred in 657 (14%). There 
were 67 major reactions in 61 (1.3%) procedures. Thir- 
ty-four (51%) of the major reactions were alterations in 
systemic arterial pressure requiring treatment. Pulmo- 
nary vascular congestion occurred 23 times (34%). Ana- 
phylactoid reactions and ventricular fibrillation were 
rare (2 and 8, respectively). All reactions were managed 
successfully and there were no deaths. 

Predictors of major adverse reactions: The relations 
between selected variables and the frequency of major 
reactions are listed in Table IV and shown in Figures 3 
and 4. We found significant direct relations between the 
major reaction rate and 2 measures of the severity of 


FIGURE 2. Frequency distribution of the 
types of major adverse reactions. ANA- 
PHYL. = anaphyiactoid reaction with cir- 
culatory collapse; HYPERTN. = hyperien- 
sion: HYPOTN = hypotension; PULM. 
CONG. = pulmonary vascular congestion; 
V. F. = ventricular fibrillation. 


PERCENT OF PROCEDURES 


HYPERTN. PULM. CONG. HYPOTN. 


FIGURE 3. Relation between New York 
Heart Association functional class and the 
frequency of major adverse reactions. 
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cardiac disease: increasing New York Heart Associa- 
tion functional class and left ventricular end-diastolic 
pressure. Cardiac index and extent of coronary disease 
did not correlate with the reaction rate. The reaction 
frequency in patients with definite previous reactions 
was not different from that in patients without a previ- 
ous reaction. 

Procedure abbreviation and data adequacy: The ef- 
fect of adverse reactions and the concern about possible 
reactions on procedure conduct are shown in Figures 5 
and 6. During both phases of the study, the frequency of 
procedure abbreviation because of a reaction was uni- 
form 17 of 2,823 (0.60%, 95% confidence interval 0.32 
to 0.88%) in the first phase and 17 of 1,748 (0.97%, 
95% confidence interval 0.51 to 1.43%) in the second 
phase. During the second phase 94 of 1,748 (5.4%) of 
procedures were reported as abbreviated for concern. 
Combining these data yields an overall procedure ab- 
breviation rate of 6.1%; 5.4% of procedures were abbre- 
viated because of concern and 0.7% of procedures (34 of 


V.F. 
ADVERSE REACTION TYPE 


ANAPHYL. DEATH 


lii IV 
FUNCTIONAL CLASS 
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TABLE Il Data Recorded 


Parameter Units / Categories 


Clinical 
Gender 
NYHA functional class 1, HH, UE, IV, V 
Diabetes No, Diet, Insulin 
Hemoglobin g/dl 
BUN mg/d! 

Previous contrast agent reaction No, Possible, Definite 

Procedural 
Preprocedural steroid prep Yes, No 
Contrast agen: used Brand Name 
Volume of con-rast agent ml 

administered 

Hemodynamic and ang ographic 
Normal! 

Valvular disease 
Cardiomyopathy 

No. of diseased coromary vessels 
Cardiac index 


Yes, No 

Yes, No 

Yes, No 

0,1, 2,3, Left main 

$2.5, >2.5 liters /min/m? 


Left ventricular end-ciastolic pressure <16, 16-25, >25 mm Hg 
Estimated ejection traction (%) 


<35, 35 to 50, >50 
Adverse reactions 
None 
Minor 


Yes, No 


Nausea 
Vomiting 
Urticaria 
Rubor 
Sneezing 
Angina 


Major 
Hypertension req ring treatment 


Hypotension requiing “reatment 


Yes, No 
Yes, No 
Yes, No 
Yes, No 
Yes, No 
Yes, No 


Yes, No 
Yes, No 
Yes, No 


Pulmonary vascular congestion 
Bronchospasm Yes, No 
Anaphylactcid (circulatory collapse) Yes, No 
Ventricular fbrillaton Yes, No 
Death Yes, No 
Procedural outcome 

Abbreviated because of complication? Yes, No 

Abbreviated because of concern of Yes, No 
possible complicaton? 

If abbreviated, were data adequate? Yes, No 


BUN = blood urea nitrogen; NrHA = New York Heart Association. 





4,571) because of an actual reaction. The angiographic 
data obtained were judged to be inadequate in 39 
(0.8%) procedures. 

Procedure corduct and cardiac disease severity: 
We also looked foz evidence that study conduct was in- 
fluenced by the severity of the patient’s cardiac disease. 
This analysis (Table V) shows that angiograprers ad- 
ministered sralle- volumes of contrast agenti to the 
more severelv ill patients. The mean volume for the 
New York Heart Association class IV patients is signifi- 
cantly smaller then for New York Heart Association 
classes I, II and TII, and still smaller for class V pa- 
tients. We found similar but less striking relations for 
left ventricular end-diastolic pressure and cardiac index. 
The left main disease subgroup also received a substan- 
tially smaller mean contrast agent volume. 


DISCUSSION 


We performed this study to characterize the fre- 
quency of clinically important adverse reacaons to 
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TABLE Hl Character stics of the Patient Population 


Pts 
with Data (%) 






Mean + SD 








Demographic 











































Age (yrs) 4,630 58.9+11.3 
Gender (% male) 4,630 65.0% 
Clinical 
NYHA class 
| 610 (14) 
1i 1,300 (30) 
Ili 1,373 (32) 
IV 946 (22) 
V 85 (2) 
No data 316 
Diabetes mellitus 
No 3,772 (83) 
Yes 767 (17) 
No data 9i 
Previous contrast agent reaction 
None 4,250 (94) 
Possible 98 (2) 
Definite 200 (4) 
No data 82 
Corticosteroid prep 
Yes 309 (7) 
No 4,250 (93) 
No data 71 
BUN 4,365 18.5+9.6 
Hemodynamic 
Cardiac index (liters /min /m2) 
$2.5 519 (26) 
72.5 1,498 (74) 
No data 2,613 
Left ventricular end-diastolic pressure (mm Hg) 
<16 2,014 (49) 
16-25 1,578 (38) 
>25 521 (13) 
No data 517 
Angiographic 
Contrast agent volume (ml) 
4,447 143.2 + 55,0 
No. of diseased coronary arteries 
0 895 (20) 
l 950 (22) 
2 1,043 (24) 
3 1,287 (29) 
Left main 199 (5) 
No data 256 
Estimated ejection fraction (%) 
<35 51 (8) 
35 to 50 239 (38) 
>50 346 (54) 
No data 3,994 





SD = standard deviation; other abbreviations as in Table fl. 


HOCAs and to provide a framework for assessing the 
relative roles of HOCAs and LOCAs in cardiac angiog- 
raphy. Our data indicate that a patient population with 
a large prevalence of severe card:ac disease can safely 
undergo cardiac angiography using an HOCA. There 
were no deaths in 4,630 procedures and all major ad- 
verse reactions were managed successfully without se- 
quellae. In fact, the 1.3% frequency of major reactions 
overrepresents the frequency of truly serious events. 
Half of these reactions were alterations in systemic arte- 
rial pressure that responded to treatment. 

The adverse reac-ion rate in our data is comparable 
to those reported by Lasser,'? Shehadi!4 and their co- 


workers. Lasser et al,!* in a study of adverse reactions to 
intravenously administered HOCAs, reported a 0.52% 
frequency of class IH (severe) rections and a 2.1% fre- 
quency of reactions requiring treatment in patients not 
pretreated with corticosteroids. They noted a significant 
reduction in adverse reaction rate in steroid-pretreated 
patients. Only 6.8% of the patients in our study were 
steroid pretreated. If Lasser’s findings also apply to car- 
diac angiography, universal corticosteroid pretreatment 
might achieve a further reducticn in the frequency of 
adverse reactions to HOCAs. l 

The low adverse reaction rate achieved with HOCAs 
in this study is ncteworthy because most criteria that 
define groups at high risk include the presence of heart 
disease.!5-!7 Our data cannot be explained by the exclu- 
sion of high risk patients because the procedures in this 
data base were performed before LOCAs were avail- 
able. The prevalence and severity of cardiac disease 
were not reported in the Lasser and Shehadi studies, 
but it is reasonable to presume that our patient popula- 
tion has a greater prevalence of severe cardiac disease 
than a population undergoing noncardiac radiologic 
procedures. 

The safety reccrd documented by our data appears 
to be attributable in part to decisions about procedure 
conduct made by the angiographers. The more seriously 
ill patients received smaller volumes of contrast agent. 
Angiographers abbreviated 6.1% of the procedures ei- 
ther because of an adverse reaction or because of con- 
cern that a reaction might occur if more contrast agent 
were administered. It is likely that more reactions would 
have occurred if these procedures had not been abbrevi- 
ated. However, the consequence of procedure abbrevia- 
tion was a 0.8% frequency of failure to obtain adequate 
diagnostic data—a very undesirable event. This sug- 
gests that LOCAs, which would be expected to be bet- 
ter tolerated, might enable precariously ill patients to 
tolerate a greater contrast agent volume, thus reducing 
the frequency of inadequate studies. 

It is well established that the LOCAs cause less he 
modynamic and cerdiac electrophysiologic disturbance 
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FIGURE 4. Relation between left ventricular end-diastolic 
pressure (L.VEDP) and the frequency of major adverse 
reactions. 








than HOCAs.*!0!8-20 Consequently, it is possible that 
LOCAs might cause fewer severe adverse reactions 
than HOCAs. In fact, if they were not considerably 
more expensive than HOCAs, LOCAs would probably 
be universally adopted as the contrast agents of choice 
for cardiac angiography. The price disparity poses a di- 
lemma to the health care system and to physicians mak- 
ing choices for individual patients.”! It is estimated that 
866,000 cardiac angiographic procedures were per- 
formed in the United States in 1987.2 With the current 
15-fold difference in cost, the universal use of LOCAs 
for cardiac angiography would increase the annual con- 
trast agent expense to the United States health care sys- 
tem by $100,000,000 over the cost of the universal use 
of HOCAs. Jacobson and Rosenquist? estimate that 
the universal use of LOCAs for all radiologic proce- 
dures that use intravascular contrast agents would cost 
the United States health care system more than $1 bil- 
lion per year. 
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COMPLETE CONCERN REACTION 
STUDY COMPLETION STATUS 


FIGURE 5. Frequency of procedure abbreviation because of 
either concern that a contrast agent-related adverse reaction 
might occur (CONCERN), or because of an actual reaction 
(REACTION). COMPLETE = procedures not abbreviated. 


PERCENT OF PROCEDURES 


ADEQUATE 


INADEQUATE 
DATA ADEQUACY 





FIGURE 6. Frequency of inadequate data acquisition because 
of procedure abbreviation (INADEQUATE). ADEQUATE = 
those procedures in which the data were considered adequate 
for clinical decision making. 
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TABLE IV Relation Between Selected Variables and Major 
Adverse Reaction Frequency 








95% Confdence 
Percent Interval 





Variable 








NYHA functional class “p = 0.015)* - 
| 3/610 0.5% 0%~1.1% 
Il 14/1300 1.1% 0.5%—-1.7% 
iH 13/1373 1.3% 0.7%-1.9% 


























IV 21 /946 2.4% 1.3%-3.3% 
Vv 3/85 - 3.6% 0%-7.7 % 
Left ventricular end-diastolic pressure (mm Hg) (p = 0.001) 
<16 13/2014 0.9% 0.5%-1.3% 
16-25 13/1578 1.2% 0.7%-1.7% 
>25 15/521 2.9% 1.4%-4.4% 
Left ventricular ejectim fraction: (p = 0.141) 
>0.50 4/346 1.2% 0.1%-2.3% 
0.35 to 0.50 3/239 3.4% 1.2%-3.6% 
<0.35 2/51 3.9% 0%-9.23 
Cardiac index (liters /min;/ m°) (p = 0.997) 
<2.5 3/519 1.5% 0.4%-2.0% 
>2.5 5/1498 1.7% 1.0%-—2.4% 
Extent of coronary artery disease (no. of vessels): (p = 0.657) 
0 19/895 1.1% 0.4%-1.8% 
1 11/950 1.2% 0.5%-1.9% 
2 15/1043 1.5% 0.8%-2.2% 
3 13/1287 1.0% 0.6%-1.5% 
Left main 4/199 2.0% 0.1%-3.9% 
Previous contrast age at reaction (p = 0.039) 
None Fi /4250 1.2% 0.9%—1.5% 
Possible 4/98 4.1% 0.2%-8.0% 
Definite 2/200 1.0% 0%-3.4% 
Contrast agent volume (ml) (p = 0.946) 
<125 22/1677 1.3% 0.8%-1.8% 
2125 =? /2770 1.3% 0.7%—1. 7% 





* p values calculated by chi-square analysis with the appropriate number of de- 
grees of freedom. 


Several approaches to this financial dilemma have 
been proposed. Ome approach argues that LOCAs 
should be used universally because the medical and le- 
gal costs of the inc-emental adverse reactions related to 
universal HOCA ase exceed the incremental cost of 
universal LOCA we. Other approaches suggest that 
LOCAs should be used for certain groups of “high risk” 
patients.2> Our data demonstrate greater adverse re- 
action rates in pat ents with more severe and unstable 
cardiac disease. However, to. date, no objective crite- 
ria have been formulated for separating “higa risk” 
patients from “acceptable risk” patients. Thus, at the 
present time, the angiographer has no clear-cut clinical 
guidelines for cont-ast agent selection.”5? 

Resolution of tais dilemma requires a quartitative 
assessment of the edditional safety and efficacy afford- 
ed by LOCAs and the assignment of a value to the im- 
proved performance.2? While our data do not answer 
the question adequately, they do provide a quartitative 
estimate of the frecuency and consequences of reactions 
to HOCAs in cardiac angiography. 

However, the comparative efficacy of LOCAs and 
HOCAs in enablirg engiographers to obtain adequate 
diagnostic data safely has not as yet been rigorously ex- 
amined. It is necessary to know whether LOCAs actual- 
ly perform better, end, if so, whether their benef:t exists 
for all patients or only for “high risk” patients If the 
benefit is confined =o z subset of patients, it is necessary 
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TABLE V Relation Between Selected Variables and Contrast 
Agent Volume 


Mean Volume (mi) 


NYHA functional class (p = 0.001) 
| 
I] 
Ili 
IV 
V . 
Left ventricular end-diastolic pressure (mm Hg) (p = 0.001) 
50 


<16 145 
16-25 144 
>25 134 
Cardiac index (liters /min /m2) (p = 0.010) 
>2.5 142 
22.5 134 
No. of diseased coronary vessels (p <0.001) 


Left main 


SD= present deviation; SEN = Mandard error of the mean. 





to know what characteristics identify it. With such in- 
formation, a rational approach could be developed for 
selecting the most appropriate contrast agent for a par- 
ticular patient. 

A prospective trial would be required to obtain these 
data. In the interim, our data suggest that HOCAs 
should continue to be the agents of choice for most car- 
diac angiographic procedures and that LOCAs should 
be reserved for patients who are severely ill and hemo- 
dynamically precarious. 
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Self-Efficacy and In-Patient 
Cardiac Rehabilitation 


Neil B. Oldridge, PhD, and Barbara L. Rogowski, MS 


Self-efficacy reflects an individual’s perceptions or 


beliefs about how capable he or she is of perferm- 
ing a specific activity or task and measures self- 
confidence to perferm that specific activity or task. 
This study investigated the effect of in-patient car- 
diac rehabilitation on self-efficacy scores for 3 cat- 
egories of activities: routine physical activities, dai- 
ly living tasks and levels of concentration and abili- 
ty to cope. On discharge from the intensive or 
coronary care unit, patients without contraindica- 
tions to early ambulation were randomized to either 
a ward ambulation program (n = 26) or a dedicated 
exercise center pregram (n = 25) with all patients 
receiving the same standardized education/counse!l- 
ing. There were nc differences between the groups 
in self-efficacy at baseline, at hospital discharge or 
7 days later. Significant improvements in self- 
efficacy scores were observed by day 28 in beth 
groups for routine physical activities and daily liv- 
ing tasks with no change in self-efficacy scores for 
concentration or ability to cope. At that time the 
exercise center patients had higher self-efficacy 
scores for walking time (p = 0.041) and overall ex- 
ertion (p = 0.024) than the ward ambulation pa- 
tients. For the majority of the self-efficacy vari- 
ables considered, both in-patient exercise rehabili- 
tation programs were equally effective in improving 
self-efficacy scores for physical activities and daily 
living tasks over the first 28 days after return: to 
home. The lower cosi associated with ward ambu- 
lation programs suggests that they are more cost- 
effective than developing a program in a dedicated 
in-patient exercise center. 

(Am J Cardiol 1990;66:362~—365) 
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treatment after an acute cardiovascular event, 
the rehabilitation process is optimally initiated 
while the patient is still in the hospital. The major com- 
ponents of an in-patient cardiac rehabilitation pro- 
gram—education/counseling and early ambulation— 
are designed to enhance patients’ efforts to regain as 
normal, productive and active a lifestyle as possible on 
return to home. Bandura! argues that perceived self- 
efficacy, or an individual’s percepticn or belief about his 
capability to actually perform a specific behavior or 
task, influences the acquisition of new behaviors as well 
as the resumption or inhibition of prior behaviors. The 
usefulness of self-efficacy in measuring patients’ percep- 
tions about various physical activitizs and assessing im- 
provement as a result of various interventions has been 
demonstrated in cardiac patients.2° 
In-patient education/counseling programs provide 
information that prepares the patient to deal with the 
resumption of normal daily activities with less anxiety 
on return to home.’~? Although neither significant bene- 
ficial nor deleterious physiologic effects of in-patient ex- 
ercise rehabilitation before discharge from hospital have 
been demonstrated,!° early ambuletion programs have 
become routine clinical practice for cardiac patients 
without medical complications; these programs may be 
administered on the ward or in a specifically designated 
exercise center located off the ward. Another goal of 
exercise rehabilitation while stiil in the hospital is to 
prevent deleterious psychological effects. It has been ar- 
gued that participation in an in-patient exercise therapy 
program increases patients’ self-ccnfidence.!! Presum- 
ably, the justification for the added space and equip- 
ment requirements, staff and other budgetary consider- 
ations associated with an in-patient exercise center is 
that it provides physiological and psychological benefits 
that a ward program does not. There is, however, little 
empirical evidence of the behavioral benefits of an in- 
patient exercise center compared to a ward ambulation 
program after an acute cardiovascular event. The pres- 
ent study investigates the effects of a standardized edu- 
cation/counseling program in combination with 2 dif- 
ferent in-patient exercise rehabilitation programs using 
self-efficacy as the outcome measure of interest. 


A s an adjunct to conventional nedical and surgical 


METHODS 

At this institution, cardiac patients with no contrain- 
dications to early ambulation are routinely referred to 
the in-patient cardiac rehabilitation on discharge from 
either the coronary care or intensive care units. On the 
day of discharge from the unit, the rehabilitation nurse 


eeen rte rata 


TABLE I Clinical, Physical and Demographic Variables 


Not 
Completed 
. (n= 25) 


Total Group 
(n =76) 


99.04 11.2 
79.2 + 13.0 


Cempleted 
(n= 51) 


96.94 11.1 

79.8 + 13.8. 
1724+410 
554 14 


65.1 + 9.6" 

IEI ELS 

17349 
56 +14 


Age (yrs) 
Weight (kg) 
Height (crm) 
Ejection fraction (%) 
Gender (%) 
Male 75 80 
Female 25 20 
Race (%) 
White 
Black 
Other 
Referral reason (%) 
Mit 
CABG 
Other 
Smoking status (%)} 
Never 
Past 
Current 
Job status (%) 
Employed 
Unemployed 
Retired 
* p <0.05 “unpaired ftest fer completed vs not corr pleted). 


t With and without bypass surgery. 
CABG = coronary artery bypass grafting; Ml = myocardial infarction. 





explained that the purpose of the study was to investi- 
gate the effectiveness of 2 different in-patient exercise 
rehabilitation programs and that it had been approved 
by the Irstitution’s Review Board. The research asso- 
ciate administered the self-efficacy questionnaire to the 
patient immediately after agreement for randomization 
was obtained. The questionnaire was repeated on the 
day of hospital discharge and at that time the patient 
was given 2 differently colored questionnaires for use on 
days 7 and 28 after discharge; on those days, the re- 
search associate administered the appropriate question- 
naire over the telephone. 

Standardized education/counseling was offered to 
all patierts. Mobilization for all patients began with 
progressive active/resistive exercise for upper and lower 
extremities. Ambulation progressed until the patient 
could tolerate 800 feet; then the randomized patients 
started their allocated program. 

Ward ambulation: The duration of supervised and 
telemetered walking was gradually increased as tolerat- 
ed with intensity limited to a heart rate of <20 beats/ 
min above resting or a rating of perceived exertion of 3 
to 4 on the ratio scale. There were daily supervised ses- 
sions and, with no contraindications from the previous 
session, patients were encouraged to ambulate on their 
own on the ward.!? 

Exercise center: Similar exercise prescription inten- 
sity limitations were used in the exercise center; patients 
exercised daily on the treadmill or on the cycle ergome- 
ter under supervision and while monitored. The initial 
duration on the treadmill was 2 X 5 minutes with a 
speed of 1 mph with most patients walking for 20 to 25 


TABLE Il Self-Efficacy Scores for Physical Activities on 
Discharge from the Intensive or Coronary Care Unit (Base), 
on Discharge from Hospital (Discharge), 7 and 28 Days Later 
for Patients Randomized to Ward Ambulation or the Exercise 
Center 


Ward Exercise 
Ambulation Center 


(n = 26) p Value* 


Exertion Base 
Discharge 
7 days 
28 days 
Stairs Base 
Discharge 
7 days 
28 days 
Base 
Discharge 
7 days 
28 days 
Walk distance Base 
Discharge 
7 days 
28 days 
Walk time Base 
Discharge 
7 days 
28 days 


* One-factor analysis of variance for differences between ward ambulation vs 
exercise center at each time, 
t p <0.005 by repeated measur2s analysis of variance. 





minutes at a speed of 2 mph by the time of discharge; 
cycle duration was 5 minutes at the appropriate heart 
rate and perception of exertion. Exercise center patients 
were encouraged to walk on the ward unless there were 
contraindications on the previous exercise session.!2 

_ Patient characteristics and outcome measures: On 
discharge from the coronary or intensive care units, rea- 
son for referral to the rehabilitation program was noted 
and ejection fraction was measured; the latter was used 
to stratify and then randomize patients. Entry physical 
characteristics and demographic data included gender, 
age, weight, height, race, smoking and occupational sta- 
tus. On day 28, data on return to work, outpatient reha- 
bilitation and exercise habits since discharge were col- 
lected. 

Self-efficacy: Self-efficacy scales were developed to 
measure patients’ self-perceived ability to carry out the 
following physical activities: walking distance, walking 
time, climbing stairs, lifting objects and overall ability 
to tolerate physical exertion.2? We developed self-effi- 
cacy scales for the estimation of the ability to carry out 
usual household and daily activities, to drive a vehicle, 
to return to work, to cope with stress and to concen- 
trate. Self-efficacy for any given task. was. the sum of 
-the self-efficacy estimates for progressive levels of the 
task divided by the number of levels for that task.23 
Self-efficacy was measured on the day of discharge 
from the coronary or intensive care unit, at discharge 
from hospital and 7 and 28 days later. 

Statistical analyses: Self-efficacy data were com- 
pared using l-way analysis of variance for testing differ- 
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TABLE Ill Seilf-Efficacy Scores for Daily Living Tasks end 
Mental Activities on Discharge from the Intensive or Ccronary 
Care Unit (Base), or Discharge from Hospi-al (Discharge), 7 
and 28 Days Later for Patients Randomized to Ward 
Ambulation or the Exercise Center 


Ward Exercise 
Ambulation Center 

Time (n = 26) (n=25) p Value* 
Daily living tasks 

Household activities. Base 
Discharge 
7 days 
2€ days 
Base 
Discharge 
7 days 
2c: days 
Bese 
Discharge 
7 days 
26 days 
Bese 
Discharge 
7 days 
2& days 


Daily activities 


Driving 


Return to work 


Mental activities 
Stress Bese 

D scharge 

7 days 

2& days 

Bése 

Discharge 

7 days 

2& days 

* One-factor analysis of variznce for differences between ward amtulation vs 


exercise center at each tims. , 
t p <0.05; t p «0.005 by E:peated measures analysis of variance. 


Concentration 


ences between the groups at any given time and repeat- 
ed measures analysis of variance for change in self-effi- 
cacy scores in the randomized patients. 


RESULTS 

Agreement for randomization was sought from 76 
consecutive patients referred to in-patient cardizc reha- 
bilitation on the day of discharge from either the coro- 
nary or intensive zare unit. Of the 64 who agreed to 
randomization, 13 dropped out of the study before it 
was completed. Physical characteristics, ejecticn frac- 
tion, reason for ref2rral, smoking status and occupation- 
al status of the to-al group (n = 76), those who com- 
pleted the study (x = 51) and the 25 who did not (in- 
cluding randomizazion refusals) were similar except for 
the older age obse-ved among the latter patients; there 
were no significant differences between the patients ran- 
domized to either the ward program (n = 26) or the 
exercise center (n = 25) (Table I). There were no dif- 


ferences in the number of days on which exercise reha-- 


bilitation was possitle after discharge from the coronary 
or intensive care unit with a mean of 1.9 actuél treat- 
ment days before discharge from hospital (excluding the 
day of discharge from the unit, days to achievement of 
800-feet ambulaticn and the day of hospital discharge). 
The mean time to hospital discharge was 7.2 days. 
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There were no significant differences in any of the 
self-efficacy scores between the 2 groups of patients on 
entry into the study (Table II). There were no differ- 
ences in any of the sdf-efficacy scales at discharge or 7 
days later (Tables I1. and III). By day 28 after dis- 
charge, only walking time (p <0.341) and exertion (p 
<0.024) self-efficacy scores were higher among the ex- 
ercise center patients than the ward ambulation patients 
(Table II). In both sroups of patients, repeated mea- 
sures analysis of variance demons:rated significant im- 
provements (p <0.0C5) in self-efficacy scores over the 
duration of the studr for all physical activities (Table 
II), for household ac-ivities (p <0.05), for each of the 
other daily living tasks (p <0.005) and for return to 
work (p <0.005 for ward ambulation, p <0.05 for exer- 
cise center) but no improvement in self-efficacy for 
mental activity (Tab e IIT). It is clear from Table II] 
that most of the imp-ovement in self-efficacy occurred 
between days 7 and 28 after discharge. There were no 
significant interactior. terms. 

By the end of the trial, 5 of tne 27 previously em- 
ployed subjects had -eturned to work; 1 of 15 in the 
ward group had returned compared to 4 of 12 in the 
exercise center group (p = 0.064). There were no differ- 
ences in the number cf patients participating in a super- 
vised rehabilitation program by day 28 (ward = 6 of 26; 
exercise center = 7 cf 25) or in the numbers reporting 
regular exercise (ward = 25 of 26; exercise center = 24 
of 25). No patient reported any untoward side effects 
associated with exerc:sing at home. 


DISCUSSION 

With the introduction of improved technologies and 
the incorporation of -he Diagnost:cally Related Group 
payment system, the hospital stay after myocardial in- 
farction has been recuced from 23 weeks in the mid- 
1960s!? to as short as 3 days for patients without com- 
plications in the late 1980s.'* With a mean time to dis- 
charge in this study cf 7.2 days, and 2 to 4 days in the 
intensive or critical cere units, a decreased hospital stay 
is not a reasonable measure of the effectiveness of in- 
patient cardiac rehabilitation. Sivazajan et al!° point out 
that, with earlier hosbital discharge after an acute car- 
diovascular event, attempts at earlier rehabilitation 
must reach a point o? diminishing physiologic benefits. 
This also appears to te true for behavioral benefits. We 
have demonstrated -hat self-efficacy scores in both 
groups changed little before hospital discharge. How- 
ever, by day 28 after discharge, self-efficacy scores for 
performing most of tke physical activities and daily liv- 
ing tasks had improved similarly and significantly in 
both in-patient exercise groups. This raises the possibili- 
ty that the observed improvement in self-efficacy might 
be largely associated vith the resumption of usual daily 
activities after discharge, which, in turn, raises the ques- 
tion of whether or nct in-patient exercise programs are 
warranted. 

In-patient exercise rehabilitation programs may be 
appreciated by patierts!®.!5 but thay may not be effec- 
tive. These programs zan be run in sophisticated centers 


requiring considerable space, using expensive ergome- 
ters and other exercise equipment and necessitating the 
use of dedicated telemetry systems with supervision by 
trained personnel. Alternatively, programs supervised 
by trained personnel can also be run without exercise 
equipment on the ward, using existing ward telemetry 
equipment. The similar improvements seen in most self- 
efficacy variables 28 days after hospital discharge in pa- 
tients randomized to both rehabilitation programs sug- 
gest that ward ambulation programs would be more 
cost-effective than an exercise program run in a dedicat- 
ed center. 

Although we observed a higher rate of return to 
work by day 28 among the exercise center patients, who 
also had marginally higher self-efficacy scores for re- 
turn to work at both baseline and discharge, the small 
numbers in this study do not permit any definitive con- 
clusions about return to work. However, the trend may 
have important implications as there have been recent 
reports that, after coronary angioplasty,'® patients with 
high self-efficacy scores for return to work did, in fact, 
resume work sooner than those with low self-efficacy. In 
addition, early hospital discharge after myocardial in- 
farction has also recently been associated with an earlier 
return to work, although self-efficacy was not measured 
in that study.!4 

While improved cardiovascular risk factors,” a 
greater exercise tolerance!® and a reduced mortality!® 
have been associated with outpatient cardiac rehabilita- 
tion, early mobilization after myocardial infarction has 
little positive or negative effect on 10-year mortality”? 
and in-patient exercise therapy has not demonstrated ei- 
ther beneficial or deleterious short- or long-term physio- 
logic effects.!° Based on the results of this trial, our con- 
clusions are that the differences in the self-efficacy 
scores—observed only for walk time and overall exer- 
tion—do not warrant the added costs associated with a 
dedicated in-patient exercise center. However, the vari- 
ous clinical benefits of early ambulation,!! including the 
improved self-efficacy scores seen in this trial 28 days 
after discharge, appear to warrant the use of prescribed 
in-patient ward ambulation for appropriately selected 
patients. 
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EDITORIALS 


The Hazards of Using Type 1C Antiarrhythmic . 
Drugs for the Treatment of Paroxysmal 
Atrial Fibrillation 


Frank I. Marcus, MD 


cacy of the class 1C drugs, flecainide, encainide 

and propafenone, in preventing recurrences of 
paroxysmal atrial fibrillation, an arrhythmia that can 
be troublesome, end in some patients, incapacitating. 
Because these druzs have an excellent noncardiac side- 
effect profile, physicians may be tempted to use these 
drugs for the treatment of paroxysmal atrial fibrillation 
refractory to class 1A drugs such as quinidine, procain- 
amide or disopyrémide. The article in this journal by 
Feld et al! documents the appearance of a rapid ventric- 
ular response in patients treated with encainide or fle- 
cainide for refracwory atrial fibrillation/flutter and the 
new appearance o: atrial arrhythmias with a rapid ven- 
tricular response im patients treated with these d-ugs for 
nonsustained ventricular tachycardia or for incessant 
ventricular tachyczrdia. Two patients had serious com- 
plications associated with the onset of atrial errhyth- 
mias; 1 developed hypotension with a systoliz blood 
pressure of 70 mm Hg and the other had a non-Q-wave 
infarction. These complications were observed in 6 of 60 
patients (10%) receiving encainide or flecainide over a 
12-month period. Murdock et al* found that 4 of 82 
(5%) patients receiving propafenone developed a wide 
QRS complex associated with atrial flutter. Two of 
these patients hac 1:1 conduction at rates of 200 and 
275 beats/min. Cr particular note is that these same 
investigators did rot observe these adverse effezts dur- 
ing early follow-u> of 1 to 24 months (mean $ + 6). 
Wide complex tachycardia also has been seen in 7 of 
209 patients treated for paroxysmal atrial fibzillation 
with recainam, a class I drug with 1C properties (de 
Vane P, Wyeth-Ajerst Pharmaceutical Co.). These ad- 
verse cardiac effects should alert physicians to the risks 
of using this class of drugs for the treatment of paroxys- 
mal atrial fibrillation or flutter. The rapid vertricular 
response to atrial fibrillation can be explained by the 
electrophysiologic effects of class 1C drugs. They act 
primarily on the fast sodium channels of cardiac tissue, 
they depress the rete of depolarization of phase O of the 
action potential ard they slow conduction in the atrium, 
in the atrioventricilar node and in the ventricle. 


Ts have been several favorable reports of the effi- 
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On the other hand, they have little effect on an- 
terograde refractoriness of the <trioventricular node. 
Changes seen on the electrocardiogram are prolonga- 
tion of the PR interval and QRS duration. It should be 
emphasized that PR prolongation does not exclude the 
possibility of rapid conduction through the atrioventric- 
ular node. Except in Wenckebach and higher grades of 
atrioventricular blocs, slowing of conduction in the 
atrioventricular node has little influence on the number 
of impulses per unit time that can be transmitted 
through the atrioventricular node.* This was well under- 
stood by Mendez and Mendez’ early 40 years ago. 
They wrote, “A decrease in speed of conduction (in the 
atrioventricular propagation systern) however, could re- 
sult in a greater shift of phase between the ventricular 
impulses and the auricular imptlses which originate 
there. That is, if the auricle of a mammalian heart beats 
at the highest rate that the ventricle can follow, a de- 
crease of speed of ccnducted impulses in the auriculo- 
ventricular propagation system could result only in an 
increase of the P-R interval and not in a decrease in the 
ventricular rate.”* They also stated that the functional 
refractory period of the atrioventricular propagating 
system limits the maximal rate at which the ventricle 
can respond to the auricle. The 1C class of antiarrhyth- 
mic drugs decreases atrioventricular conduction but has 
little effect on refractoriness of the atrioventricular 
node. The dissociation of conduction and refractoriness 
has been seen in the dog after radiofrequency catheter 
ablation of approaches to the atrioventricular node.° It 
is possible that the 1'C drugs affect cells in this region, 
but not those located more distally in the atrioventricu- 
lar node that are primarily responsible for the refractory 
properties of the atrioventricular node. 

The sequence that results in the rapid ventricular re- 
sponse in atrial fibrilation/flutter under the influence 
of type 1C drugs may be the following: the atrial rate 
during atrial fibrillation is slowed due to a drug-induced 
decrease in the speed of atrial conduction. With slow- 
ing, the atrial rhythm may regulerize to atrial flutter. 
The combination of -hese 2 effects, that is, slowing of 
the atrial rate and regularization, results in fewer im- 
pulses partially penetrating the éetrioventricular node. 
This results in decreesed refractoriness of the atrioven- 
tricular node. If the atrial rate is slowed sufficiently, the 
atrioventricular node may permit 1:1 atrioventricular 
conduction. With the onset of rate-related hypotension, 
there is increased adrenergic effect, further facilitating 
rapid atrioventricular nodal conduction. With a rapid 


a 


ventricular response, the QRS complex is observed to 
widen. The wide complex QRS is due to the fact that 
these drugs exhibit frequency dependence. That is, with 
an increase in the rate of stimulaticn, there is enhanced 
blockade of the fast-channel sodium current, causing 
further slowing of impulse propagation. The clinical 
manifestation of this phenomenon is a rapid, wide QRS 
tachycardia that may be indistinguishable from ventric- 
ular tachycardia. For patients on class 1C therapy, the 
QRS duration during regular tachycardia is directly re- 
lated to the rate of the tachycardia and is significantly 
longer than in patients treated with other antiarrhyth- 
mic drugs.°® 

These adverse cardiac effects are not unique to the 
type 1C drugs. It is well recognized that digitalis should 
be given before attempting clinical cardioversion with 
quinidine. This latter drug slows atrial conduction and 
enhances atrioventricular nodal conduction by its vago- 
lytic effect. However, the type 1C drugs are extremely 
potent in slowing atrial conduction and, as previously 
stated, have little effect on anterograde atrioventricular 
nodal refractoriness, Therefore, this potentially serious 
adverse cardiac effect should be more commonly ob- 
served with the type 1C drugs. Another characteristic of 
the type 1C antiarrhythmic drugs is that they have sig- 
nificant negative inotropic effects. Thus, the hemody- 
namic effects of a rapid ventricular response may not be 
well tolerated. It may be hypothesized that the frequen- 
cy dependence manifested as widening of the QRS com- 
plex may also apply to its negative inotropic effects so 
that the negative inotropic effects are intensified at in- 
creasing rates. , 

At the present time, we do not know how to identify 
patients with paroxysmal atrial fibrillation who may de- 
velop the above complication. It is not limited to pa- 
tients with known organic heart disease. Personally, I 
have observed this effect in 2 patients who are “lone 
fibrillators” without underlying heart disease. Also, it is 


- not known whether short-term drug testing with a type 


1C drug with initiation of atrial fibrillation by intracar- 
diac or esophageal pacing will identify patients at risk 


AAA te 
ncaa a e a aaa a aao aaoo 


for development of a rapid ventricular response. The 
rapid response to atrial fibrillation may not be seen for 
weeks or months despite earlier recurrences of atrial fi- 
brillation without this rapid ventricular rate. This 
makes one pessimistic that predicting this rapid ventric- 
ular response in an individual patient could be achieved 
by short-term drug testing. 

Currently, it seems advisable to restrict the use of 
class 1C drugs for treatment of paroxysmal atrial fibril- 
lation refractory to type 1A antiarrhythmic drugs and 
to use 6-blocking drugs’ or calcium-channel blocking 
drugs such as verapamil or diltiazem concomitantly 
with digitalis when treating paroxysmal fibrillation with 
type 1C drugs. The dose of digitalis should be adjusted 
so that it is in the therapeutic range of 1 to 2 ng/ml. It 
is likely, but not yet certain, that concomitant adminis- 
tration of these drugs to increase atrioventricular nodal 
refractoriness will prevent the rapid ventricular re- 
sponse. 

The possibility of ventricular proarrhythmia in pa- 
tients receiving type 1C drugs has also been well docu- 
mented® and is an additional reason for caution in pre- 
scribing type 1C drugs for the treatment of paroxysmal 
atrial fibrillation. 
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Rationale Against the Drug Treatment 
of Marginal Diastolic Systemic Hypertension 


Edward D. Freis, MD 


ation and Treatment of High Blood P-essure! 
does not recommend drug treatment for uncom- 
plicated hypertension when the diastolic blood pressure 
(BP) is in the rage of 90 to 94 mm Hg (marginal 
hypertension). They advise instead nonpharmaceutical 
therapy with periedic examinations to detect possible 
progression of hypertension. Most physicians, however, 
still use 90 mm Hg as the level at which they will begin 
treatment with drugs if necessary and at least 2 authori- 
ties% emphasize the importance of decreasing EP using 
drug treatment when needed in all hypertensive pa- 
tients, including ttose with diastolic levels as low as 90 
mm Hg. This repo-t will review some of the background 
data concerning tre effectiveness of treatment of pa- 
tients with diastolic BP in the range of 90 to 94 mm Hg. 
The question is of considerable importance becéuse pa- 
tients with diastolic BP in this marginal range comprise 
approximately 40% of the hypertensive population.” 
Level of diastolic blood pressure and coronary 
heart disease mortality: The leading cause of death in 
marginal hypertension is coronary heart disease, which 
is 3 times greater than stroke, the second leading cause. 
However, cardiovescular risk is lower in marginal hy- 
pertensive patient: compared - to patients with higher 
levels of diastolic 3P.° © 
The curve relazing diastolic BP and coronary heart 
disease mortality -ncreases steeply at levels above 100 
mm Hg.° Anderson,’ using 1978 data from the Fra- 
mingham study, painted out that the curve flattened out 
at diastolic BP levels between 70 and 90 mm Hg; that 
is, there was no increase in coronary heart disezse mor- 
tality between 70 end 90 mm Hg. No such inflection or 
“dogleg” in the curve was seen with respect to systolic 
BP where corona-y heart disease mortality increased 
continuously from the lowest levels. This inflection in 
the diastolic curve was not recognized before bezause of 
the previous practice of drawing -a smooth linear regres- 
sion curve, which will never disclose a dogleg. This au- 
thor has been informed by Dr. A. D’Agastino of the 
Framingham study that their most recent, still unpub- 
lished data also show a dogleg or J-shaped diastolic 
curve. Furthermore, 4 other epidemiologic studies® also 
show in the unsracothed curves relating diastolic BP 
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and coronary disease mortality an inflection in the 
range of 95 to 102 mm Hg diastolic BP (Figure 1). The 
relatively flat portion of the dogleg in all of the studies 
included the range of marginal hypertension, suggesting 
that the risk of coronary heart disease is no greater in 
marginal hypertersive patients than in the normotensive 
population. 

Evidence for a dogleg or even J-shaped curve also 
has been reported for treated hypertensive patients. The 
inflection occurs at approximately 90 mm Hg with an 
increasing incidence of coronary hzart disease deaths at 
progressively lower levels of diastolic BP.®!° Cruick- 
shank!” reported that this phenomenon occurred only in 
patients with evidence of preexisting ischemic heart dis- 
ease. He suggests that in patients with narrowed coro- 
nary arteries, myocardial perfusion, which occurs main- 
ly in diastole, may become critical at a diastolic BP of 
approximately’ 85 mm Hg.!° Other groups, however, 
have noted a J-shaped curve!!-!3 in the absence of clini- 
cally evident corcnary heart diseese. ‘One study in the 
elderly found a J “shaped curve!4 while another. did 
not.!> 

' Because the epidemiologic studies described before 
found J-shaped or dogleg curves, it is not surprising that 
the same phenomenon is seen when the diastolic BP is 
decreased to <90 mm Hg by treatment. Although final 
proof is still lacking, the recent evidence suggests that 
diastolic BP possibly should not ‘be decreased to <90 
mm Hg. 

Effect of drug treatment on heart disease mortality 
in marginal hypertension: Most multiclinic trials (Ta- 
ble I) indicate thet antihypertensive drug treatment has 
not been effective in preventing coronary heart disease 
morbidity-mortality.!®-22 

- Opposed to 7 negative trials, only 2 found that treat- 
ment was effective in preventing coronary heart disease, 
the relatively small European Working Party on Hyper- 
tension in the Elderly Trial!’ and the Hypertension De- 
tection and Follow-up Program.” However, the latter 
was-not a controlled trial in the accepted sense because 
the general care af the control group was quite different 
from that of the treatment group. 

' The 2 most definitive trials from the point of view of 
adequate numbers and appropriate design -were the 
Australian! and Medical Research Council!’ (MRC) 
trials. Their overall results indicated no significant pro- 
tection against major coronary heart disease events 
from the use of antihypertensive drugs. These negative 
results are supported by the 5 remaining trials listed in 
Table ],17:18:20-22 . 

Effect of drug treatment on stroke prevention: It 
is generally agreed that antihypertensive therapy de- 
creases stroke morbidity and mortality. 
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TABLE I Effect of Treatment on Major Coronary Heart Disease Events: Summary of Trials 


No. of © 
Subjects 


Entry DBP 
(mm Hg) 


90 to 114 
90 to 115 
90 to 1C9 
95 to1c9 
90+ 
95+ 
90 to 1¢9 
Showing benefit 
EWPHE 
HDFP 


90 to 119 
90 te 104 


Includes either mortality alone or morbidity plus mortality when data for both are given. 


* Intention to treat. 


Incidence CHD Events 
% 
Difference 


Treatment 


Control 


CHD = coronary heart disease; DBP = diastolic blood pressure; EWPHE = European Working Party High Blood Pressure in the Elderly; HDFP = Hypertension Detection and 
Follow-up Program; MPPCDM = Muitifactorial Primary Prevention of Cardiovascular Diseases in Middle Aged Men; MRC = Medical Research Council; MRFIT = Multiple Risk Factor 
Intervention Trial. USPH = Unized States Public Health Service; VA = Veterans Administration. 


In marginal hypertension, however, the risk of stroke 
is relatively low. The MRC trial!? found that treatment 
for 1 year protected against stroke in only 1 in 850 pa- 
tients with a diastolic BP of 90 to 109 mm Hg. How- 
ever, in patients with a baseline diastolic BP of 90 to 99 
mm Hg, the incidence of stroke was only one-third or 
less than in the 105 to 109 mm Hg range (Table II). 
Therefore, the number of milder hypertensive patients 
required to be under treatment ir order to prevent a 
single stroke must have been considerably >1 in 850. 
These results further call into question the cost-effec- 
tiveness of treatment of marginal hypertensive paren 
even for the prevention of stroke. 

Adverse effects and cost of drug treatment: AL 
though most. patients tolerate - antihypertensive drugs 
quite well, moderate to severe adverse effects may occur 
in a few. In the Veterans Administration trial,24 for ex- 
ample, of 180 actively treated patients, 2 were with- 
drawn because of presumed toxic reactions, and side ef- 
fects ‘such -as lethargy, weakness and nasal stuffiness 


FIGURE 1. Coronary heart disease death 
rates/1,000 patient years for 12 years re- 
corded in 4 epidemiologic studies (Albany, 
Chicago Gas, Chicago Western Electric . 
and Tecumseh) related to diastolic blood 
pressure (DBP). Graphic representation of 
tabular data as presented by Cruickshank 
et al.1° The 4 curves all showed a dogleg 
inflection with a relatively flat portion be- 
tween <70 and >95 mm Hg DBP. Mortal- 
ity rates then increased steeply beginning 
at levels of DBP >100 mm Hg. DBP, — 
therefore, correlated directly with rates of 
coronary heart disease only at levels 
>100 mm Hg. Mortality rates were no 
higher in the marginal hypertensive range 
than in the normal range of DBP. 


RATE PER 1000 FOR 12 YEARS 





0% 
110+ < 7070-4. “B04 90-4 ~ 400-4 110+ 
O ALBANY 


were significantly more frequent in the treated patients 
as compared to the placebo control subjects. The MRC 
trial’ reported that in men, adverse effects with ben- 
droflumethiazide or propranolol were significantly in- 
creased as compared to placebo. 

The cost of lifelong treatment for such a large num- 
ber of patients is also a major consideration. This cost is 
magnified by the current trend to prescribe new, quite 
expensive drugs such as calcium antagonists and con- 
yerting enzyme inhibitors in place of the less costly, old- 
er agents such as generic thiazide diuretics, propranolol 
and reserpine. Drug treatmient for the 20 million mar- 
ginal hypertensive subjects could total, therefore, several 
billion dollars per year. 

The course of untreated marginal hypertension: In 
the Australian trial,- 1,943 placebo-treated patients 
had diastolic BP for the 3 initial visits averaging be- 
tween 95 and 109 mm Hg and remaining at 295 mm 
Hg at the third visit. The investigators also followed, 
without active treatment, 325° ‘patients: ‘whose diastolic 
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BP averaged <95 mm Hg during the 3 initial visits. 
After 3 years, 48% of the total untreated patients had 
reverted to normal BP without treatment. 

Many physicians regard 3 visits as being sufficient to 
characterize the av2rage BP. The Australian trial indi- 
cated that the BF of some patients will require 24 
months to decrease to normal. 

None of the patients with initial diastolic BP <95 
mm Hg at baseline developed elevation >109 mm Hg 
over 3 years of folow-up, whereas 94 of the patients 
exhibiting baseline diastolic BP levels between 105 and 
109 mm Hg increased to >109 mm Hg during the trial. 
Thus, marginal hypertensive subjects rarely exhibit se- 
vere acceleration of BP over 3 years, whereas moderate- 
ly severe hypertensive subjects often do. A lesser in- 
crease of 95 to 109 mm Hg occurred in some of the 
marginal patients (Table III). However, these more 
moderate increases can be safely managed by 6-month 
visits when they would be detected and treated before 
the BP reached a high-risk level. 

The placebo grcup who remained in the range of 90 
to 94 mm Hg throrghout the trial, that is, the untreated 
marginal hypertensive subjects, exhibited no significant- 
ly greater rate of trial end points than the placebo pa- 
tients who maintained normotensive levels of diastolic 
BP of 85 to 89 mm Hg (Table IV). These data further 
suggest the low risk associated with untreated marginal 
hypertension. By ccntrast, in the placebo patients main- 
taining higher leveb of 95 to 99 mm Hg, the event rate 
per year nearly dcubled as compared to the marginal 
hypertensive subjects and then increased more steeply 
with a diastolic BF >100 mm Hg. At similar levels of 
diastolic BP, the treated patients in general had higher 
rates of trial end points than the placebo patients. 

Marginal hypertension combined with systelic hy- 
pertension: Systoli: hypertension is defined as a systolic 
BP of 160 mm Hg Dr higher. Although often associated, 
there are important differences between systolic and 
diastolic hypertens on?” The latter is character.zed by 
constriction of arterioles while systolic hypertension re- 
sults from loss of compliance of the aorta causing a 
steep systolic increase during cardiac ejection. Ciastolic 
BP may remain normal if the arterioles are not con- 
stricted. 

Systolic hypertension in the presence of normal or 
marginal diastolic hypertension often occurs in the 
aged. Under the stress of the first 1 or 2 medical exami- 
nations, these indiv.duals may have an increased cardiac 
output, resulting ir systolic hypertension. This rzsponse 
is amplified by impaired baroreceptor moderation of the 
BP elevation with aging. During subsequent v:sits, as 
elderly patients become accustomed to the clinic envi- 
ronment, the increased cardiac output often mcderates 
and the systolic BF reverts to normal. Systolic hyperten- 
sion, however, may persist in many other patier.ts. 

Epidemiologic studies indicate that systolic hyper- 
tension poses as great or greater a risk as diastolic hy- 
pertension.28 However, there are presently no data from 
controlled clinical trials for determining the effective- 
ness of drug treatment in isolated systolic hyper-ension. 
It is, therefore, uacertain whether treatment will be 
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TABLE If MRC Trial: Stroke Rates /1,COO Patient Years in 
Relation to Average Entry Diastolic Blood Pressure 


Average Entry DBP (mm Hg) 









Strokes/1,000PtYrs <95 951099 100to104 105to109 


Active treatment 
Placebo 
Difference 
“Strokes prevented” 


2.3 3.1 4.4 







DBP = diastolic blood pressure. 
Reproduced trom Medical Reszarch Council Working Party on Mild Hypertension!? 
with permission of the publisher. 










TABLE If! Australian Trial—Placebo Group: Average 
Diastolic Blood Pressure After 3 Years Compared to Average 
Diastolic Blood Pressure at Entry 











Average DBP First 3 Visits (mm Hg) 
Average DBP 


After 3 Yrs (mm Hg) 105 to 109 


<95 95to99  -00to 104 


C 4% 
19% 30% 
76% 58% 
DBF = diastolic blood pressure. 


Rep-oduced from Management Committee of the Australian Therapeutic ‘rial in 
Mild Hypertension? with permission of the publisher. 








41% 35% 









TABLE IV Data from Australian Trial—Trial End Points: 
Rates by Average Diastolic Blood Pressure Throughout the 
Study for Active and Placebo Subjects 


TEP Rates /1,000 Yrs 
Average DBP (mm Hg) 
Throughout the Trial 


Active Placebo 





DBF = diastolic blood pressure; TEP = trial end points. l 


beneficial or at what level to begin. Some physicians 
initiate drug treatment of persistent systolic hyperten- 
sion on the reasonatle but unproven assumption that 
such treatment will prevent stroke and heart failure, 
which are both prevalent in aged hypertensive patients. 

Conclusions: Few patients with uncomplicated mar- 
ginal hypertension require drug <reatment. However, 
other hygienic measures such as weight reduction if 
needed, salt and alcohol restriction, regular exercise, 
cessation of cigarette smoking and especially dietary re- 
striction of saturated fats and cholesterol are indicated. 
Also, antihypertensive drug treatment is advisable in 
marginal hypertensive subjects with diabetes mellitus or 
with renal impairment from other causes or congestive 
heart failure or with moderate to severe left ventricular 
hypertrophy or other evidence of organic changes secon- 
dary to hypertension, Aside from taese exceptions, most 
of which are infrequent among marginal hypertensive 
subjects, there is little evidence that these patients will 
achieve enough benefit to justify the costs and adverse 
effects of antihypertensive drug tréatment. _ 
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scientific fraud, plagiarism, or conflict of inter- 

est appearing in Science or Nature, Newsweek 
or Time. Is there really an epidemic of immoral investi- 
gators out there? Es the pressure to publish and the lack 
of supervision causing some amoral individuals to bend 
the rules more often? Or is the issue largely illusory, a 
result of heightened scrutiny of the moral macority in 
response to a few notorious transgressions? 

In attempts to forestall the threatened epidemic, the 
National Academy of Science, the American Associa- 
tion for the Advencement of Science, the Council of 
Biology Editors ard the American Bar Associat:on have 
all held symposia on the ethical conduct of science!; the 
Department of Health and Human Services,’ the Insti- 
tute of Medicine? and the Association of American 
Universities* have begun to issue guidelines for ethical 
conduct; a prominznt journal editor has called for a for- 
mal audit of the scientific literature; and a member of 
Congress is consid2ring the introduction of federal legis- 
lation.® 

Is all this actixity necessary? To answer tkis ques- 
tion, I will propose a simple theoretical model for the 
evolution of scieatific misconduct, and will thereby 
show that well-intentioned efforts to control the epidem- 
ic could actually serve to spread it. 

The model is based on one first proposed by May- 
nard Smith to exp ain the evolution of aggressive behav- 
ior in animals,’ ard my description closely parallels that 
of Dawkins.® The -model assumes that individual mem- 
bers of the population are competitors for some com- 
mon resource. In nature (the jungle, not the journal) 
this resource migkt be the food necessary to one’s sur- 
vival or the sexua. partners necessary to the su-vival of 
one’s genes. In sc ence (again, not the journal’ the re- 
source might be the research funds, facilities, publica- 
tions, and prestige necessary to the survival of one’s 
ideas (including one’s ideas about the best way to pro- 
mote those ideas) 

Let us begin with the simplest possible jungle, in 
which there are only 2 strategies for survival: Cove and 
hawk. Doves engage in long periods of empirical ob- 


I | ardly a week goes by without a new reve_ation of 
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servation, statistical analysis anc intellectual debate. 
Hawks lie, cheat and steal. Whenever doves meet at the 
watering hole each evening, they argue in a dignified 
way about the events of the day. and carefully docu- 
ment their arguments in the jung_e book for all to see. 
Eventually, one dove decides the other is right, the issue 
is unimportant, or the argument is uninteresting, and 
politely backs down. No one gets hurt. When hawks 
meet, on the other hend, they fight ferociously until one 
of them is severely injured. Whenever a dove meets a 
hawk, the dove flies away quickly before being hurt. 

The survival of one’s ideas is the name of this game. 
Accordingly, we can score the outcome associated with 
each of these pairings along some arbitrary utility scale 
representing the likelihood that one’s ideas will spread 
throughout the jungle: 30 points fer a win, 0 points for a 
loss, ~10 points for wasting time, and —480 points for 
being hurt. (These u-ilities are highly subjective. I have 
chosen 30 points to represent the modest gain associated 
with acceptance of one’s idea bv another, and —480 
points to represent the material loss associated with out- 
right exposure as a miscreant, because these values are 
generally consistent with my cwn personal beliefs. 
Readers are invited -o experiment with alternative val- 
ues representing their beliefs.) 

Each time a dove meets a dove there will be a long 
contest resulting in a winner (30 points for the win —10 
points for wasting time) and a loser (0 points for the 
loss —10 points for wasting time). Because each dove 
will win half the time, the average score for dove/dove 
encounters is 5 points (20/2 — 13/2). In a population 
made up entirely of doves, each dove ekes out a meager 
existence. 

Suppose now a single hawk enters this idyllic jungle. 
Because it is the only hawk around, each contest will be 
with a dove, and it will win every one of these contests 
without being hurt, giving it an average score of 30 
points compared wita an average of 5 points for doves. 
This advantage over the competition will quickly attract 
other hawks to the jungle, and might even entice some 
of the less dignified doves to become more aggressive. 

As a result, hawks will begin to encounter other 
hawks. Whenever a hawk meets another hawk, one of 
them will win (30 points) and the other will be injured 
(—480 points). Because each hawk has an even chance 
of winning, the average score for hawk/hawk encoun- 
ters is —225 points (30/2 — 480/2). In a population 
made up entirely of hawks, each hawk does very poorly. 

A dove will not do very well either, but at least it will 
do better than a hawk. Although the dove will lose ev- 
ery one of its encounters in this savage jungle, its aver- 


age score of 0 is still much better than the hawk’s aver- 


age score of —225. In a population of hawks, therefore, , 
a dove has the advantage. As before, this advantage too 


will not go unnoticed for long. It will eventually attract 
more doves, and might convince some of the less mali- 
cious hawks to mend their hurtful ways. 

If the behavior of hawks tends to encourage the pro- 
liferation of doves, and the behavior of doves tends to 
encourage the proliferation of hawks, is there some sta- 
ble mixture of hawks and doves? 

Indeed there is. This stable proportion is that at 
which the average score for hawks is equal to the aver- 
age score for doves. If we let p equal the proportion of 
hawks in the population and 1 — p equal the proportion 
of doves, then the average score for hawks is —225 p + 
30 (1 — p) and the average score fer doves isO p+ 5 (1 
— p). If we set these 2 scores equal to each other, we 
find p = 1/10. Accordingly, a population of hawks and 
doves in a ratio of 1:9 is stable, given these utility val- 
ues. There is no incentive for the immigration of new 
hawks or doves, or for the behavioral conversion of ex- 
isting hawks and doves. Actually, these need not be pure 
mixtures; probabilistic behavior on the part of each indi- 
vidual is all that is needed: 1 hawk and 9 doves is equiv- 
alent to 10 “dawks” (aggressive doves that fight like 
hawks 10% of the time). 

Unfortunately, there’s a price to be paid for this sta- 
bility. The average score for a 1:9 mix of hawks and 
doves is only 4.5 points, compared with 5 points for a 
pure population of doves. Everyone would do better if 
they would agree to being doves, but the resultant segre- 
gated society would be vulnerable to the treachery of a 
single defector. The integrated society is stable precisely 
because it removes the advantage of defection, and it 
pays a tithe for this stability. 

Our common sense rebels against the unconditional 
Procrustean behavior patterns of hawks and doves. We 
like to think we tailor our behavior in some rational way 


. to the situation at hand. Owls, for example, might 


choose to behave like doves in the company of doves, 
and like hawks in the company of hawks. Hawks could 
not take advantage of a population composed entirely of 
owls, because they would all seem like hawks to them. 
Similarly, doves could not take advantage of owls be- 
cause they would all seem like doves to them. 

Axelrod subjected the “tit for tat” strategy of the 
owl to an extensive series of computer simulations.’ He 
showed that tit for tat successfully resisted invasion by a 
variety of other strategies—-many of which were sub- 
stantially more sophisticated—and concluded that it 
possessed all the characteristics necessary for the evolu- 
tion of cooperation. First, the strategy is nice; it starts 
out cooperating, and always reciprocates cooperation. 
Second, the strategy is provokable; it swiftly punishes 
any breach of cooperation. Third, it is forgiving; it does 
not hold a grudge, and reciprocates cooperation again 
immediately after imposing punishment. Fourth, it is 
simple, its rules for punishment and reward are readily 
recognized. 

A number of real biological and social examples of 
tit for tat have been identified,? demonstrating that the 


jungle is not inhabited solely by winners and losers. Of- 
ten, potential competitors share a common set of inter- 
ests, and lie together in harmony.!° On the other hand, 
whenever competitors do not share the same interests, 
envious strategies (directed more to minimizing the sur- 
vival of another than to maximizing one’s own survival) 
can also evolve.!! 

So can outright conflicts of interest.!' Suppose, for 
example, that an editorial referee and a journal editor 
(you, dear reader, can supply the ornithological meta- 
phors here—I know who feathers my nest) are consider- 
ing whether or not to publish a revolutionary manu- 
script that has some small probability, p, of being cor- 
rect, and 1 — p of not being correct (the first report of 
cold fusion, for example). Call a the gain to the editor if 
she publishes the paper and it is later verified, and call b 
the loss to the editor if she publishes the paper and it is 
later refuted. If we define utility as the net gain associ- 
ated with publication and verification minus the net loss 
associated with publication and refutation (assuming 


-the losses associated with rejection are negligible), the 


editor’s utility is ap — b (1 — p). As long as this utility 
is positive, the editor should publish the manuscript, and 
this occurs whenever p > b/(a + b). Similarly, call c 
the gain to the referee if he recommends publication 
and it is later verified, and call d the loss to the referee 
if he recommends publication and it is later refuted. By 
the same reasoning, the referee’s utility is cp — d(1 — 
p). As long as this utility is positive the referee should 
recommend publication, and this occurs whenever p > 
d/(c + d). When d/(c + d) > p > b/(a + b), however, 
the preferences of the referee and the editor will be in 
conflict: the editor has more to gain by publishing, while 
the referee has more to gain by not recommending pub- 
lication. 

How can we better manage the ecology of this jun- 
gle? We can begin by taking a census of the number of 
hawks and doves and owls, and thereby determine if 
there really is a problem that needs to be managed.>:!4 
But we would also need to enumerate all the utilities, 
and this is no easy task. These utilities are highly sub- 
jective, probably subconscious, and not likely to be vol- 
unteered freely even if they are known. It might be easi- 
er to discover a hawk’s sexual inclinations than its ethi- 
cal motivations. 

Even if we did conduct a comprehensive census, and 
obtained a full and accurate audit of the utilities, could 
we use the information effectively? If we knew the utili- 
ties, we could calculate the optimal proportion of hawks 
and doves required for stability, but the result might be 
too high for us to stomach. Do we really want to live in 
a society populated by so many hawks, even if it is a 
stable society? 

We could legislate changes in the utilities that would 
tend to drive down the proportion of hawks, but the 
magnitude of such changes would have to be substan- 
tial. To reduce the proportion of hawks from 10% to 1%, 
for example, would require us to increase the cost of 
losing from —480 points to ~4,980 points (changing the 
reward for winning will not do it). Are we prepared to 
exact such Draconian penalties? 
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Even if we cculd change the numbers, should we 
change therr.? Recall that a society of self-satisfiec 
doves is easy prey for a single clever hawk. What effec! 
would legislated ethical sanctions have on the behavior 
of the existing flock of doves, and on the likelihood that 
new doves and owls will choose to enter the jungle? 

Until the appropriate environmental impacz studies 
are done, I em inclined to think we should leave the 
academic jurgle >retty much alone, trusting that the 
wildlife there will evolve optimal cooperative s-rategies 
on its own (tae recent flurry of transgressions notwith- 
standing). This is not a libertarian call for anarchy, but 
an enlightened doctrine of laissez faire. The time-hon- 
ored safeguards—scholarly peer review, the public dis- 
closure of conflicts and the pointed letter to the editor— 
should, of course, continue. But the underlying structure 
of our jungle always has been-—-and must continue to 
be—founded on trust, not on hastily written restrictive 
regulations that evince a presumption of guilt. !* 
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Dobutamine and Improvement of Regional and Global Left Ventricular 
Function in Coronary Artery Disease 
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and Stanley R. Jolly, PhD, with technical assistance from Sandra Kearney and Paula E. Barnhill 


he effects of dobutamine infusion on left ventric- 

ular (L-V) function in patients with coronary artery 
disease (CAD) have not been completely defined. Some 
studies have suggested that dobutamine infusion can be 
used to achieve a significant increase in myocardial oxy- 
gen demand in the presence of severe stenosis, revealing 
physiologically significant ischemia.!-? This would be 
particularly desirable as an alternative to exercise stress 
testing because some patients are unable to achieve target 
heart rates due to insufficient motivation, poor physical 
condition ar peripheral vascular disease. Studies with 
contrast ventriculography using postextrasystolic stimu- 
lation and epinephrine infusion have suggested that via- 
ble, but poorly contracting myocardium, often responds 
to these stimuli and can thus be differentiated from in- 
farcted, irreversibly injured myocardium.*° The pharma- 
cologic profile of dobutamine as a relatively selective 8-1 
agonist® suggests that dobutamine also may stimulate 
viable but “hibernating” myocardium.’ In this report, the 
effects of dobutamine infusion on global LV ejection frac- 
tion and abnormal LY regional wall motion have been 
assessed in 15 patients with coronary artery disease. The 
goal of the study was to determine whether dobutamine 
“stress” would induce a diminished LV ejection fraction 
and provoke new LV wall motion abnormalities or im- 
prove global and/or regional LV dysfunction. 

The protocol and consent form were approved by the 
Human Subjects Review Committee. Patients who had 
-angiographically proven CAD and regional LV dysfunc- 
tion were referred for evaluation. Patients were excluded 
if they had unstable angina, severe arrhythmias, valvu- 
lar heart disease or systemic hypertension (defined as 
systolic arterial pressure of 2.180 mm Hg or diastolic 
arterial pressure of 2100 mm Hg). Cardiovascular 
drugs were continued. The electrocardiogram and blood 
pressure were recorded every 2 minutes. Red blood cells 
were labeled in vivo with 25 to 30 mCi of technetium- 
99m after administration of a stannous agent.’ Baseline 
equilibrium radionuclide angiography was performed at 
rest in the supine position in the anterior, 45° left anteri- 
or oblique with a caudal tilt of 10 to 30° and in the 70° 
left antericr oblique projections. Data were acquired in 
the frame mode of 64 X 64 matrix, dividing the cardiac 
cycle into 32 equal intervals. Extrasystoles were reject- 
ed. Initially, the dobutamine dose was at 5 pg/kg/min 
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and was then increased to 10 and 20 wg/kg/min after 5 
and 18 minutes of infusion, respectively. Infusion was 
terminated for angina, significant arrhythmia or severe 
hypertension (systolic blood pressure =230 mm Hg or 
diastolic pressure of 120 mm Hg). The anterior and left 
anterior oblique 45° equilibrium radionuclide angio- 
grams were obtained 5 minutes after both 10 and 20 ug/ 
kg/min of dobutamine infusions. Regional wall motion 
was assessed by examination of dynamic images and 
global LV ejection fractions were calculated by 2 inde- 
pendent observers and a consensus was reached. 

Results are expressed as mean + standard error of 
the mean. Baseline and dobutamine 10 and 20 pg/kg/min 
values for hemodynamics and ejection fractions were 
compared using 2-way analysis of variance followed by 
Duncan's Multiple Range test. A p value <0.05 was 
considered statistically significant. 

Baseline studies and the effects of dobutamine infu- 
sion for the 15 patients are listed in Table I along with 
summary statistics. Dobutamine significantly decreased 
the LV ejection fraction in only 1 patient. Overall, dobu- 
tamine significantly increased mean LV ejection fraction 
at infusion rates of both 10 and 20 ug/kg/min in this 
patient population. Nine of the 15 patients with 10 ug/ 
kg/min of dobutamine and 11 with 20 ug/kg/min of do- 
butamine infusion had clinically significant increases in 
the LV ejection fraction of 20.05. In addition, 8 of 11 
patients with improved LV ejection fraction showed im- 
provement of an asynergic wall region. In 1 patient, dete- 
rioration of regional wall motion was observed when the 
dobutamine infusion rate was increased from 10 to 20 
ug/kg/min. Hemodynamic effects on systolic arterial 
pressure and heart rate were dose-dependent while the 
LV ejection fraction failed to increase significantly from 
when infusion rates were increased from 10 to 20 ug/kg/ 
min of dobutamine. 

No ventricular tachycardia was encountered. In 3 
patients, additional ST-segment depression was ob- 
served, as listed in Table I, These electrocardiographic 
changes were observed in I patient with no improvement 
in regional and global LV function. One patient had 0.5 
to 1.5 mm additional ST-segment depression during an 
infusion rate of 20 g/kg/min of dobutamine, with an 
accompanying decrease of LV ejection fraction and dete- 
rioration of LV regional wall motion. The third patient 
with additional ST-segment depression showed im- 
provement of regional and global LV function at dobuta- 
mine infusion rates of both 10 and 20 ug/kg/min. 

Three patients who showed improved LV ejection 
fraction plus improvement in regional wall motion after 
dobutamine radionuclide angiography were referred for 
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TABLE I Effects of Dobutamine Infusion on Hemodynamics and Ejection Fraction in Patients with Coronary Artery Disease 


Regional 
Improvement 
of Left 

Ver tricle 


Baseline 


Age (yr) 


Patient &Sex 


0 
4. 
+ 
0 
0 
+ 
+ 
0 
+ 
+ 
F 
0 
+ 
0 


Jobutamine (10 pg) 


Dobutarnine (20 ug) 
ECG 


SAP Changes 


0.18 

0.35 

0.45 

0.38 

0.25 

0.48 

0.81 

0.18 

0.23 

0.38 

0.22 

0.58 

0.42 

0,34 

0.26 

0.371 105% 
0.04 6 


* Mean + standard errr of the mean; t coma different from basline by 2-wey analysis of variance Duncan Multiple Range test; * significantly different from dobutamine (p 


<0,05) 10 ng/kg by 2-wa~ anaysis of variance 





ECG = electrocardiographic; HR = heart rate: LVEF = left ventricular ej2ction fract cn; SAP-DAP =  systolic-diastolic arterial pressure. 


coronary artery revascularization,; I underwent zoronart 
angioplasty and < had coronary artery bypass grafting. 
Subsequently, 2 to 4 weeks after coronary revasculariza- 
tion, radionuclide angiography showed recovery of re- 
gional and global LV function to levels seen during dobu- 
tamine infusion. One of these patients had detevioratior 
of LV regional wall motion and global function wher. 
dobutamine dose -vas increased from 10 to 20 ng/kg/min. 
In this patient, afer revascularization, there was recov- 
ery of regional ard global LV function to the [2vel seer: 
during the 10 ug kg'min of dobutamine infusion. 

Our data show that dobutamine infusion of 10 and 20 
ug/kg/min im patents with regional and global LV dys- 
function adversely affected LV ejection fraction in only I 
patient. Instead, szgnificant increases of LV-ejection frac- 
tion were observed in 11 of our 15 patients. Improvec 
regional wall motion in asynergic regions also was ob- 
served in many petients. In all 3 cases referred for coro- 
nary revascularization, recovery of regional ard globa 
LV function to levels achieved during dobutamine radio- 
nuclide angiograpay was observed. Dobutamine radionu- 
clide angiography was not associated with significant ad- 
verse responses. Additional ST-segment depressions WETE 
observed in 3 pat ents. 

‘There is some zontroversy regarding the effect of do- 
butamine on cardiac function in patients with coronary 
artery disease. Two echocardiographic studies have usec 
dobutamine infus.on in patients with CAD who were 
unable to exercise.! The patient population in both re- 
ports was chosen for postinfarction evaluation of residua 
coronary disease. In both studies, abnormal wall motior 
and decreased wal thickening were observed during do- 
butamine infusion. Dobutamine stress testing was consid- 
ered an alternative to exercise testing in such patients 
after myocardial infarction. Additionally, Freeman et al- 
have described the use of dobutamine infusion comparec 


to supine bicycle exercise testing using radionuclide angi- - 


ography. They concluded that incremental dotutamine 
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infusions were nearly equal in accuracy and sensitivity to 
exercise. An experimental canine study also has suggest- 
ed that dobutamine infusion was associated with de- 
pressed regional function distal to a critical coronary 
stenosis. On the basis of these reports, different results 
would have been expected from our study. 

There are’ reports, however, supporting the present 
observations. Bendersky etal? showed that dobutamine 
infusion at-10 wg /kg/min improved LV function in pa- 
tients with chronic neart failure due to ischemic heart 
disease. In their stucy, changes in contractile state were 
not evaluated directly. In all of their patients, stroke vol- 
ume and stroke work indexes increased while pulmonary 
arterial wedge pressure tended to decrease during dobu- 
tamine infusion. In 7 of the 8 patients in the study by 
Bendersky et al,’ improved LV function was associated - 
with increased myocardial oxygen consumption. Despite 
this increased metabolic cost, overt myocardial ischemia 
was observed infrequently. Rabinovitch et al!° have re- 
ported that-resting ej2ction fraction was increased in 18 of 
the 20 CAD patients after dobutamine infusion of 5 ug/ 
kg/min. Only 2 of the 20 patients in the study of Rabino- 
vich et al!° had a decrease in LV ejection fraction and 1 of 
these 2 patients showed the appearance of a new wall 
motion abnormality at a dobutamine infusion of 5 ug/ 
kg/min. Pozen et al! studied 18 patients with CAD and 
congestive heart failure during infusion of dobutamine in 
doses of 2.5 to 15 ug/kg/min. In this study, improvement 
in 27% of the abnormally contracting segments was seen 
during dobutamine infusion. These studies and our re- 
sults suggest that the inotropic effects of 6-1 adrenergic 
stimulation by dobutamine can improve ventricular per- 
formance in patients with CAD. 

Inotropic stimuli such as postextrasystolic potentia- 
tion and epinephrine infusion can produce improved re- 
gional myocardial wall motion in some patients with 
CAD.‘ This has been attributed to “hibernating” myo- 
cardium,> defined as persistently impaired LV function at 





rest that can be restored to normal by improved blood 
flow or decreased demand. The differentiation of viable 
but stunned or hibernating myocardium from necrotic 
myocardium is desirable in deciding whether coronary 
artery revascularization is appropriate.5 At present, ab- 
normal LV wall motion in regions with preserved glucose 
uptake, determined with positron emission tomography, 
is considered to be hibernating myocardium that will 
recover function with revascularization.!* However, the 
availability of this test is limited by resources and cost. A 
potential alternative is delayed tomographic myocardial 
thallium-201 imaging to differentiate viable and nonvia- 
ble myocardium.!? This test can require delayed imaging 
beyond 24 hours, which presents technical and practical 
difficulties. Compared with these studies, the dobutamine 
test has advantages in that dobutamine is relatively 
cheap, easily administered, has a short half-life of 2 min- 
utes® and is used commonly by cardiologists: Our study 
suggests that dobutamine radionuclide angiography may 
be an attractive alternative to other tests in detecting 
ischemic but viable myocardium potentially suitable for 
coronary artery revascularization. 
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Semiselective Angiography of the Internal Mammary Arteries as a 
Preparation for Coronary Bypass Surgery 


Rudolf Krijne, MD, Mario C.-H.K. Deng, MD, Karl-Wilhelm Heinrich, MD, Hermann Sons, MD, 


and Arno Krian, MD 


eo mammary artery. grafting in coronary artery 
bypass surgery has resulted in increased long-term pa- 
tency and improved survival compared to venous bypass 
grafting. Angiography of the mammary arteries: before 
bypass surgery is considered to be superfluous because 
they are rarely affected by atherosclerosis.! There are, 
however, no data on how often an internal mammary 
artery graft is intraoperatively rejected because of insuffi- 
cient sluggish flow due to atherosclerosis. Early postoper- 
ative graft failure is said to be mainly related to technical 
errors.2> To establish the frequency of atherosclerotic 


From the Departments of Cardiology and Cardiac Surgery, Herzzen- 


trum Kaiser Wilhelm Krankenhaus, Gerrickstrasse 21, 4100 Duisburg, 
West Germany. Manuscript received February 3, 1990; revised manu- 
script received and accepted March 26, 1990. 


changes in the subclavian and internal mammiary arteries 
among our patients, we.performed semiselective angiog- 
raphy on both mammary arteries during ‘cardiac cathe- 
terization in candidates for bypass surgery. 

_ One hundred five consecutive patients (87 men and 18 
women) aged 35 to 80 years (median 58) were studied. 
Sixty-five patients (62%) had 3-vessel disease, 25 (24%) 
had 2-vessel disease and 15 (14%) had 1-vessel disease. 
In all patients semiselective angiography of both mam- 
mary arteries, performed with a standard 5Fr right Jud- 
kins diagnostic catheter, complemented the coronary ar- 
tery procedure. Ten ml of undiluted contrast medium 
was injected manually with the catheter tip as near as 
possible to the origin of the internal mammary artery. 
Only posteroanterior views were used, documented on 
35-mm cinefilm. Significant atherosclerosis was defined 
as a diameter reduction of 250%. In 13 patients the 
imaging quality of the right mammary artery was insuf- 
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ficient; thus, 102 left and 92 right vessels were studied. 
We. saw a steno-is in the proximal part of tke internal 
mammary arter? in only I patient (0.95%), a 43-year- 
old woman with lipoatrophy. There were no significant 
subclavian arte-y stenoses proximal to thz internal 
mammary arter 2, and only 2 patients (1.9%) aad stema- 
ses distal to the origin of the mammary arteries. 
Routine postmortem studies*° show > 50% narrowiag 
of the lumen in C to 5% of the cases. Routine preoperative 
angiography of the internal mammary artery has seldcm 
been done. The only reported study° of patients with 
coronary artery Jisease showed a 2% incidence of atheno- 
sclerosis in the mammary arteries and a 4% ir-cidence of 
atherosclerosis :n the subclavian arteries. Cur resu_ts 
showed an ever lower incidence of these pathologic 
changes. Even ia older patients, in whom atherosclerosis 


is usually advanced, no pathology of the mammary arter- 
ies was found. It seams that rout:ne preoperative angiog- 
raphy of the mammary artery is indeed unnecessary. 
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Possible Atrial Proarrhythmic Effects of Class ic 


Antiarrhythmic Drugs 


Gregory K. Fad, MD, Peng-Sheng Chen, MD, Pascal Nicod, MD, R. Peter Fleck, MD, 


and David Mewer, MD 


he class 1C antiarrhythmic drugs encain:de and tle- 
cainide have been used to treat ventricular arrhyih- 
mias.'? Althouzh not currently approved, they are also 
being used in the treatment of atrial arrhythmias.;4 This 
antiarrhythmic action results from a marked depressant 
effect on condvction velocity and a moderate effect on 
prolonging refractoriness in the myocardium.>* This 
marked depression of conduction velocity also resulis in 
the highest incidence of ventricular proarrhythmic effects 
observed with eny class of antiarrhythmic drug.”! How- 
ever, less is knowr regarding their potential to prodce 
atrial proarrhy-hmic effects.?4 Recently we observed 6 
patients wno were being treated with flecainide or encai- 
nide for przexis-ing ventricular or atrial arrhythmias, and 
who developed new or modified symptomatic atrial ar- 
rhythmias witk a rapid ventricular response. In 2 cases, 
life-threatening consequences arose from the arrhythmia. 
The clinical decails of these cases are presented and the 
potential mechanisms of the atrial proarrhythmic effects 
of the 1C drugs are discussed. 
Patients wath new or modified atrial crrhythirias 
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developing during therapy with encainide or flecainide 
were admitted to the hospital. Digoxin was administered 
when appropriate to slow the ventricular response. The 
type IC antiarrhythmic drug was immediately discon- 


_ tinued. Continuous electrocardiographic monitoring was 


performed and blood samples were obtained for serum 
chemistry and hematology, including cardiac enzymes. 
A chest radiograph was obtained. A 12-lead electrocar-. 
diogram was performed on each day of hospitalization. 
Hemodynamicall stable patients were observed for =24 
hours after withdrawal of the 12 drug. If the patients did 
not revert spontaneously to sinus rhythm, they received 
an alternative antiarrhythmic arug or direct current car- 
dioversion. Hemcdynamically unstable patients under- 
went immediate direct current conversion. The patients 
were then discharged home cn an alternative antiar- 
rhythmic drug for their baseiine arrhythmia (or in 1 
case, no therapy) and were fcllowed in the outpatient 
clinic for symptomatic and/or electrocardiographic evi- 
dence of recurrerze of the presenting arrhythmia. 

New or modified atrial arrhythmias were defined in 
the following maaner: atrial jlutter? was defined by a 
regular saw-tootl-ed pattern of P waves on electrocardio- 
gram, inverted in the inferior leads II, III or aVF at a 
rate of =240 beats/min; and atrial tachycardia was de- 
fined by a regular P-wave pattern at a rate <240 beats/ 
min. 

To determine the frequency with which these new 
arrhythmias were occurring, a computer search of phar- 
macy records identified all patients who had received 


TABLE I Clinical Characteristics of Patiants 


Cardiovascular 
Diagnoses 


Patient 
No. 


Age yr) 
& SEx 


SH, AR, AVR 
SH, MVP 


MR 
CAD, MI, CABG 


COPD 
CAD, MI 


AA Drug 
and Dose 
(mg/day) 


FL. (200) 
E (100) 
M (100) 
FL. (300) 
D (0.2) 
E (75) 

E (75) 

E (150) 
D (0.2) 


Duration 
on 1C Drug 
(rnonths) 


ECG Fndings and 
Abnormalities 


1-AVBLK, LBBB 
NSST, PRWP 


PRWP. ST(DEP) 
AMI, IMI, NSST 


LOW VOLTAGE QRS 
PRWP, ST(DEP) 


* Angiographic ejection fraction (EF) not available, but 2-dimensional echocard agram showed mild global decrease in EF and hypokinesis of the septum. 

AA = antiarrhythmic; AMI = anterior myocardial infarction; AR = aortic regurgitation; AVR = aortic valve replacement; CAD = coronary artery disease; CABG = coronary artery 
bypass graft surgery; COPD = chronic obstructive pulmonary disease; D = digoxin; E = encainide; ECG = electrocardiogram; EF = ejection fraction; FL = flecainide: IM! = inferior 
myocardial infarction; LBBB = left bundle branch block; LVH = left ventricular nyperropny; M = metoprolol; MI = history of myocardial infarction; MR = moderate mitral 


regurgitation; MVP = mitral valv2 prolapse; NA = not available; NSST = nonspecific S 
ST(DEP) = ST depression; 1-AVELK = first-degree atrioventricular block, 


TABLE Il Characteristics of Prior and Current Arrhythmias 


Previcus 
Therasy 
Failed 


Baseline 
Arrhythmia 
(Duration, months) 


Presenting 
Arrhythmia 
on 1C Drug 


Patient 


NSVT (24) 
PAF (24) 
PAF (29) 
NSVT (2) 
IVT (60) 

AF /AFL (65: 


and T-wave abnormalities; PRWP = poor R-wave progression; SH = systernic hypertension; 


Heart Rate 
on 1C Drug 
(A/V BPMmax) 


Treatment Response 
of SVT on to 
1C Drug Treatment 


Presenting 
Symptoms 


SOB, LH 

SOB, LH, PALP 
SOB, CP 

SOB, CP, LH 
PALP 

LH, PALP 


D/C 1c, D 
D/Cic,D 
D/C 1c,$ 
D/C 1c, D, P 
D/C1c,S 
D/C 1c, DC 


170/170 
350/175 
240/240 
240/240 
300/150 
190/190 


AFIB = atrial fibrillation; AFL = atrial flutter; A/V BPMmax = atrial / ventricular bats per minute maximum observed; AT = atrial tachyardia; CP = chest pain; D = digoxin; DC = di- 
rect current cardioversion; D/C IC = discontinue 1C drug; F = flecainide; IVT = ircessant hemodynamically tolerated ventricular tachycardia; L = intravenous lidocaine; LH = light- 
headedness or dizziness; N = N-acetylprocainamide; NSVT = nonsustained ventricular tachycardia and fraquent premature vencricular contractions; P = procainamide; PAF = 
paroxysmal atrial fibrillation; PALP = palpitations; Q = quinidine; $ = spontaneous conversion of arrhythmia after withdrawal of 1C drug; SOB = shortness of breath; SR = sinus 


rhythm; SVT = presenting supraventricular arrhythmia; V = verapamil. 


encainide or flecainide at our 2 hospitals (University 
Medical Center and Veterans Administration Hospital) 
during the period when these 6 patients presented (from 
October 1, 1988, to September 30, 1989). Only patients 
who are initially evaluated and followed at either of 
these hospitals may receive prescriptions from their re- 
spective pharmacies. in addition, the records of all pa- 
tients receiving encainide or flecainide were reviewed to 
ensure that frequent follow-up visits had been completed 
during this time period and the patients were contacted 
by phone if they had not been seen within 3 months of the 
end of this time period. The frequency of proarrhythmic 
effects was then calculated by dividing the number of 
patients with new arrnythmias by the total number of 
patients receiving encainide or flecainide. 

Six patients (5 men and I woman), aged 61 to 77 
years (mean 67 + 5.6), presented with new or modified 
symptomatic atrial arrhythmias (Tables I and II). Four 
patients were receiving encainide and 2 were receiving 
flecainide at the time of presentation. These 6 patients 
had a history of other refractory arrkythmias that were 
well documented by multiple clinic visits, 12-lead elec- 
trocardiograms and 1 or more 24-hour Holter monitors, 
over a period ranging from 2 to 65 months before treat- 
ment with a 1C drug. Two patients were being treated 
with a 1C drug for refractory atrial fibrillation, 1 for 
atrial fibrillation and flutter, 2 for nonsustained ventric- 
ular tachycardia and I for a slow incessant ventricular 





tachycardia (documented by electrophysiology study). 
The 3 patients being treated for ventricular arrhythmias 
had not previously had any documented supraventricu- 
lar arrhythmias. All patients had underlying structural 
heart disease or coronary artery disease. Left ventricular 
function was decreased moderately to markedly in 3 
patients, but was normal in 3. No patient had congestive 
heart failure at presentation. Serum chemistries and he- 
matology studies were normal in all patients. Serum 
levels of the IC drugs were not obtained. 

All 6 patients developed symptoms related to their 
new or modified atrial arrhythmia (Table ID. In 4, they 
were severe (numbers 1, 2, 4 and 6).and required urgent 
treatment. These symptoms were notably worse than 
those caused by their original arrhythmias and included 
palpitations, shortness of breath, chest pain, fatigue, 
weakness, light-headedness and diaphoresis. Dire hemo- 
dynamic consequences were noted in 1 patient (number 
6) who had a systolic blood pressure of only 70 mm Hg 
and in another patient (number 3) who developed a non- 
Q-wave myocardial infarction diagnosed by CK-MB re- 
lease (peak CK 350, MB 6%) and T-wave inversion in 
the inferior leads on the 12-lead electrocardiogram. The 
new or modified arrhythmias were atrial flutter in 4 
patients and atrial tachycardia in 2 (Table ID. The ven- 
tricular response was I:] in 4 patients (2 with atrial 
flutter and 2 with atrial tachycardia) and 2:1 in 2 (both 
with atrial flutter). 
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bling ventricalar tachycardia. However, the QRS morphology was identical to that of the sinus rhythm QRS morphology (under- 
lying left bundle branch block). Heart rate was 170 beats/min. Patient was receiving flecainide for a history of ventricular ar- 
rhythmias. &, after intravenous digoxin, ventricular rate slows and becomes irregular. P waves (p) were then discernible at a 
rate of 170 beats,‘min, indicating that the initial arrhythmia vas an atrial tachycardia with 1:1 atrioventricular conduction, with 


a prolonged QRS due to left bundle branch block. 


An exaraple of a new atrial tachycardia decelopingin 
a patient (uumoer 1) with a history of ventricular cr- 
rhythmias only is shown in Figure 1. The patient pre- 
sented with a rapid tachycardia (wide-complex and re- 
sembling ventricular tachycardia due to underlying left 
bundle branch block) at a rate of 170 beats/min. The 
ventricular response gradually slowed without a charge 
in the ORS morphology after intravenous digoxin, first 
with appearance of 2:1 atrioventricular conduction and 
then variable atrioventricular conduction, at which time 
P waves delineating the underlying atrial tachycarcia 
were clearly visible. Figure 2 shows an exanzple of the 
development of a regular atrial flutter (atrial rate 350 
with a 2:1 ventricuiar response ratio of 175) in a patient 
(number 2) who previously had only had paroxysimal 
atrial fibrillaticn with a controlled ventricular rate (i e., 
<100 beats/min). An example of a new atrial ;lutter with 
1:1 atrioventricular conduction is shown in Figure 3 iaa 
patient (number 4) with a history of only ventricular 
arrhythmias. The atrial and ventricular raie was 240 
beats/min, causing the patient to be markedly. sympto-n- 
atic. Intracenous digoxin slowed the ventricular respozse 
to 120 witk 2:1 atrioventricular conduction, revealing “he 
underlying flutter waves. 
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The IC antiarrhythmic drug was immediately with- 
drawn in all cases. In the short-term, 3 of the 6 patients 
(numbers 1, 2 and 4) responded to intravenous digoxin 
given to relieve symptoms associated with a rapid ven- 
tricular response to the atricl tachycardia. One patient 
(number 6) required urgent direct current cardioversion 
to sinus rhythm because of hypotension. Two patients 
did not require short-term treatment, 1 (number 3) due 
to spontaneous slowing of the ventricular response after 
admission and 1 (number 5) due to stable hemo- 
dynamic status ard tolerable symptoms. Two patients 
(numbers 1 and 2) reverted spontaneously to sinus 
rhythm, 1 (number 4) required intravenous procain- 
amide infusion, 1 (number 3) reverted to atrial fibrilla- 
tion and I (number 5) reverted to a baseline incessant 
ventricular tachycardia. Alternative long-term antiar- 
rhythmic therapy was substituted in 5 (including mexi- 
letine in patient number 1, amiodarone in patients num- 
ber 2 and 5 and procainamide in patients number 4 and 
6) and withheld in 1 (patient number 3, who has re- 
mained in chronic atrial fibrillation on coumarin and 
digoxin). During il + 3.2 months of follow-up (range 5 
to 15 months), no patient has had a recurrence of the 
atrial arrhythmia observed while on the IC drug. 
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(not shown). 


A computer search of pharmacy records at both hos- 
pitals where these patients were observed from October 
1, 1988, to September 30, 1989, revealed that a total of 
60 patients received encainide or flecainide for either 
ventricular or supraventricular arrhythmias. Further- 
more, a review of patient charts revealed that all 60 
patients were seen and followed in the outpatient clinics 
at the 2 hospitals during this time. Thus, among those 
seen and prescribed encainide or flecainide, 6 of 60 
(10%) developed symptomatic atrial proarrhythmic ef- 
fects requiring hospitalization and treatment. The re- 
maining 54 patients had no evidence by review of records 
and phone contact (which included the history and phys- 
ical examination, electrocardiograms and Holter moni- 
tors in most cases) of any new atrial arrhythmias devel- 
oping while on encainide or flecainide. 

We observed new atrial arrhythmias or modification 
of preexisting atrial arrhythmias in 6 of 60 patients (10%) 
receiving the class 1C antiarrhythmic drugs flecainide or 
encainide. These arrhythmias caused symptoms in all 
patients and potentially life-threatening complications in 
some. They occurred in patients being treated for atrial 
arrhythmias and in patients being treated for ventricular 
arrhythmias who had not previously had atrial arrhyth- 
mias. All of the patients had underlying heart disease, but 


they had no other features in common. The new or modi- 
fied atrial arrhythmias resolved after withdrawal of the 
1C drug and have not recurred during long-term follow- 
up. Digoxin was useful in controlling the rapid ventricular 
response associated with these arrhythmias. 

Previous studies have shown that atrial fibrillation 
and flutter and some forms of atrial tachycardia are due 
to reentry.” Furthermore, reentrant arrhythmias usually 
require a substrate of focally depressed conduction veloci- 
ty in the myocardium.!®!! Therefore, antiarrhythmic 
drugs such as the 1C drugs that depress conduction veloc- 
ity may prevent reentrant arrhythmias by producing 
complete block in the area of slow conduction or they may 
cause or aggravate reentrant arrhythmias by optimizing 
slow conduction to facilitate reentry. The ventricular 
proarrhythmic effects of the 1C drugs have been clearly 
shown.”8 Several of the patients presented here showed 
the potential for the 1C drugs to cause new atrial arrhyth- 
mias in the absence of a prior history of atrial arrhyth- 
mias. This may be an example of facilitation of reentry by 
depression of atrial conduction velocity. 

The slowing of preexisting atrial arrhythmias by the 
1C drugs (i.e., the slowing and regularization of atrial 
fibrillation to atrial flutter and the slowing of atrial flutter 
to atrial tachycardia as seen in several of these patients) is 


THE AMERICAN JOURNAL OF CARDIOLOGY AUGUST 1, 1990 381 


aaan past ded mei = steeree cee & 
tenres va -r= cs e tee -æ a, 
eel saasaa pusr z3- eis > 


pa eee eles oud nes Hee 
ee. 





a = Se 


$ aan . . . 
a a a et e = 1m.. nn snes —_—— m oe —+ 
- + + 


ae = . PE . 
var scee aes erpa ae do oe on coe a ss 


ron = peat 
“iat itak? Htt mahan aiitižiiztýt ast isš F so 
DECEIT NEPE NEDE e creer 
` é 


emih mimma Riim tik ERIN MRR ES PURSE UF Ener 


Hnfrin fire TiL 


» peer toe = 


im 


, A 12-lead electrocardiogram is shown from patient number 4 who presented 


A 


FIGURE 3. 





atrial fiut- 


atrial fartter and a 1:1 ventricu- 


with 
is patient was receiving encainide for a history of only ventricular arrhythmias. B, a 


12-lead electrocardswgram in this same patient is shewn after digoxin slowed the ventricular response to 2:1. Typi 


lar response (atrial rate 240 beats/min). 
ter waves (p) were then clearly seen. 





lar response. The lack of 


significant effects of the 1C drugs on the atrioventricular 


ed ventricular tachycardia, a phe- 
ricu 


ion with QRS widening, the resultant 
nomenon which has been previously described.!? In con- 


rhythmias can have dire hemodynamic consequences due 


trast to ventricular tachycardia, where slowing of the rate 
is hemodynamically beneficial, tke slowing of atrial ar- 


hued 

5 

p 

a 

— vk 
EE oa 
= O 9 
3 8 = 
gh a) 
dud 

S.s oS 
sE 3 
Ee = 
E 2 
pf "te 2 ok Oke R. 
Sao8e2Es 
ge ees a . 
Bees gh se 
m i * 
Bea E 233 
ao gaceos 
Egy es ese 
Sho BES 5 
sofs sige 
2HB84°%S5 88 
oS = 4S 2 38 
Bon Fa 5 Bo 
N wt © bug 
Says papa 
Seesegas 
~ on oy OU Oo E 
aui ®D 2 mt 
Beg far g 
Dia ‘go 2H > 
See e oon 6 
vee ia bee Àj 
SHESsSS am 
2. 88°84 9 
Eak 2's ¢ 
ES a3 ORS 
5828.25 2 
Bey bSEBE 
SSS RAAL 


382 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


remana: 
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node probably accounts for the acceleration of ventricular 
rate in response to slowing of the atrial rate. 

This study was not prospectively designed to assess 
atrial proarrhythmic effects of the 1C drugs, but rather 
an analysis of consecutive cases with long-term follow-up 
after discontinuation of the iC drug. Therefore, some 
concern exists regarding the accuracy of the denominator 
in this study. However, these data were. derived from a 
thorough review of hospital pharmacy records and, al- 
though a relatively high percentage (10%) of the patients 
had atrial proarrhythmic effects, this percentage is simi- 
lar to that observed in previous studies for ventricular 
proarrhythmic effects.!:278 These patients also had sig- 
nificant underlying heart disease, which could have pre- 
disposed them to potential atrial proarrhythmic effects 
from the 1C drugs. Whether or not similar effects would 
be observed in patients without significant underlying 
structural heart disease is unknown. These cases show the 
potential for serious or life-threatening atrial proarrhyth- 
mic effects when the 1C drugs are used to treat atrial or 
ventricular arrhythmias. Furthermore, the concomitant 
use of digoxin or other atrioventricular node blockers to 
prevent a rapid ventricular response in the event of pro- 
arrhythmia may warrant further investigation. 
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these patients. We also wish to thank Drs. Jenn Ting and 
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READERS’ COMMENTS 


Fish Oil Supplements and 
Restenosis After Percutaneous 
Transluminal Coronary 
Angioplasty 


The study by Milner et al! reported a 
lower incidence of clinical restenosis in 
patients treated with fish oil supplements 
after percutaneous transluminal angio- 
plasty (PTCA). These findings differ 
from those of 2 placebo-controlled trials, 
by our group? and by Grigg et al,? which 
revealed no benefit of fish oil. We believe 
that the methodology of Milner et al lim- 
its the applicability of their findings. 

First, the study was unblinded, anc 
used subjective endpoints (symptoms anc 
exercise testing). There was no difference 
in the single objective endpoint, angio- 
graphic restenosis, between the 2 groups 
(18 vs 26% and 20 vs 26% by intention tc 
treat). Other endpoints (such as the exer- 
cise test) were apparently interpreted 
with knowledge of the randomization sta- 
tus, and by a mix of both the investigators 
and by other physicians as well. Second, 
patients were chosen for the study after 
PTCA, leading to potential selection bias 
in not approaching patients with less- 
than-favorable (although successful) 
PTCA results. Third, study medication 
was started 1 day after PTCA and no bio- 
logic assessment of compliance was un- 
dertaken. Membrane levels of n-3 fatty 
acids adequate to inhibit platelet function 
and alter eicosanoid formation are 
achieved only several days to several 
weeks after initiation of fish oil therapy,*° 
whereas platelet aggregation and release 
of growth factors is greatest in the first 4 
days after experimental balloon injury.® 
For this reason, a large National Insti- 
tutes of Health-supported trial of fish oil 
in patients undergoing PTCA will appar- 
ently have patients initiate study medica- 
tion 2 weeks before scheduled PTCA. 

For these reasons, and because several 
studies, including our own, have demon- 
strated increases in low-density lipopro- 
tein cholesterol levels with fish oil supple- 
mentation, we continue to urge that fish 
oil not be administered to patients under- 
going PTCA, pending results of further 
studies. 

Gregg J. Reis, mp 
Richard C, Pasternak, mo 
Boston, Massachusetts 

14 August 1989 
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Letters (from the United States) concerning a 


particular article in the Journal must be re- 
ceived within 2 months of the article’s publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 


2. Reis GJ, Sipperly ME, Boucher TM, Silver- 
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nary angioplasty. Lancet 1989;2:177-181. 

3. Grigg LE, Kay TWH, Valentine PA, Lar- 
kins R, Flower DJ, Manolas EG, O’Dea K, Sin- 
clair AJ, Hopper JL, Hunt D. Determinants of 
restenosis and lack of effect of dietary supple- 
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dence of coronary artery restenosis after angio- 
plasty. JACC 1988,;12:1073-1078. 
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upon plasma and cellular lipids, platelet func- 
tion, and eicosanoid formation in man. J Clin 
Invest 1985;76:1626-1631. 

5. Von Schacky C, Weber PC. Metabolism and 
effects on platelet function of the purified 
eicosapentaneoic and docasohexaneoic acids in 
humans. J Clin Invest 1985,;76:2446—2450. 
6. Steele PM, Chesbro JH, Stanson AW, 
Holmes DR, Dewanjee MK, Bademon L, Fus- 
ter V. Balloon angioplasty: natural history of 
the pathophysiological response to injury in a 
pig model. Circ Res 1985;57:105-112. 


REPLY: We agree that further studies are 
needed to assess the role of omega 3 fatty 
acids (“fish oif”) in preventing restenosis 
after successful percutaneous translumin- 
al coronary angioplasty (PTCA). As our 
article states, and as Reis and Pasternak 
note, 2 randomized trials demonstrated no 
benefit from omega 3 fatty acid supple- 
ments when compared to “placebo.” ! 
There are, in addition to our study, 2 that 
suggest a benefit from fish oil supple- 
ments.*+ Of these 5 trials, only 2 used 
cardiac catheterization as the endpoint 
for assessing success or failure.*? The re- 
sults for these 2 trials were discordant. 

It is possible that the lack of placebo 
may have introduced ascertainment bias 
in our trial and 2 others.34 In fact, neither 
placebo-controlled study! demonstrated 
a benefit from fish oil supplements. There 
Is, however, a question as to what an ap- 
propriate placebo might be. Both placebo 
studies used olive oil (alone, or with corn 
oil), a product high in monounsaturated 
fats, substances that in themselves may 
have antiatherogenic effects.” Reis et al! 
reported a catheterization restenosis rate 
in the placebo group of 23%, a rate rather 
better than is usual after PTCA.® In addi- 
tion, true blinding may be impossible be- 
cause of the distinct breath, odor and taste 
accompanying fish oil ingestion. 

Our study was limited to subjects with 
typical angina before PTCA. This design 
was chosen to provide a clear clinical 
marker for restenosis, namely return of 
angina. As cited in our article, silent re- 
currence is to be anticipated but should 
occur with equal frequency in treated and 
control patients in a randomized trial. 
With regard to the potential for selection 
bias, randomization to fish oil or control 
was carried out after entry into the study 
so that patients with favorable clinical or 
angiographic features were evenly distrib- 
uted. 

As Reis and Pasternak state, fish oil 
therapy was not initiated before PTCA. 
We do not believe fish oil primarily affects 


platelets or spasm, the bases for early (48 
hours) reclosure. (Note: Agents such as 
calcium antagonists and aspirin, which 
are more potent for spasm prevention or 
platelet inhibition, do not lower the 6- 
month restenosis rate.) Rather, we sus- 
pect that its major effect on preventing 
restenosis is cue to the inhibition of 
smooth muscle proliferation.”® Since re- 
stenosis occurs usually 1 to 6 months after 
PTCA, perhaps omega 3 supplements de- 
celerate the growth of the coronary plaque 
during this time period. Moreover, the 
peak effect of fish oil supplements usually 
does not occur for 3 to 6 weeks. Therefore, 
beginning fish ail supplements 1 to 7 days 
before PTCA may have no major advan- 
tage over initicting therapy the day of 
PTCA. It would seem ideal to have a clini- 
cal trial that initiated fish oil supplements 
3 to 4 weeks before PTCA (as has been 
done in animal experiments’). 

Finally, it is clear that low-density lipo- 
protein cholesterol may increase with ad- 
ministration of fish oil supplements.!° 
This finding is usually noted when fish oil 
is given as supplements alone, and not 
when there 1s, in addition, a decrease in 
dietary fats. It is interesting that popula- 
tions with a high fish intake have a lower 
incidence of coronary disease for any giv- 
en level of serum cholesterol, suggesting 
that the risk of a specific cholesterol level 
may depend on the dietary sources of fatty 
acids,!! 

In summary, <400 subjects have re- 
ceived fish oil supplements during ran- 
domized trials'~> to assess coronary reste- 
nosis. No other medical therapy tested to 
date has demonstrated any significant ef- 
fect on preventing PTCA restenosis. We 
join Reis and his associates in eagerly 
awaiting the results of other trials assess- 
ing the potential role of omega 3 fatty 
acids. 

Mark Robert Milner, mp 
Joseph Lindsay, Jr., mD 
Washington, DC 
28 August 1989 
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‘Late Morphologic Findings After 
Coronary Endarterectomy 


We read the case report, “Morphologic 
Changes in Cororary Artery Seen Late 
After Endar-ereccomy.”*! The authors 
point out a number of interesting morpho- 
logic changes that occur at coronary ar- 
tery endarter2ctorly sites. They suggest 
that this is the first raport of these 
changes. We woud like to bring to the 
authors’ attertion an article published in 
1988, detailing our experiznce at the Uni- 
versity of Ottawa Heart Institute with the 
long-term local effEcts of soronary endar- 
terectomy.? In ths report 9 patients of 
varying age, who -urvived coronary end- 
arterectomy from 5 to 9 years, were de- 
scribed. These patents, who had varying 
success with bypass gzaf-ing and endar- 
terectomy, provided a unique opportunity 
. to assess the varia sle long-term effects of 
this form of arterial injury. Since the ac- 
crual of the cases -eported in that article, 
we have reviewed Tne pathology of anoth- 
er group of approxanately 20 patients who 
have showed similar chenges long-term 
after surgery. These changes vary depend- 
ing on the anétomr of blond flow after the 
procedure, bit rarge from early postsur- 
gery thrombosis 10 long-term patency 
with superimposec athercsclerosis and ‘its 
complications. 

V.M. Walley, mp 

R.W. Byard, mp 

W.J. Keon, mp 

Jttawa, Ontario, Canada 
1: September 1989 
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late after encartexectomy. Am J Cardiol 
1989;63:757-759. 


2. Byard RW, Kecn WJ, Walley VM. Coro- 
nary endarterectomy: the long-term local ef- 
fects. Am J Cardic«asc Pathol 1988,;2:31-38. 


REPLY: We thank Walley, Byard and 
Keon for pointing out our error. We regret 
that we overlooked the article “Coronary 
Endarterectomy: The Long-Term Local 
Effects.” It is, in fact, the first report to 
detail the. changes seen late in coronary 
arteries after endarterectomy. Their 
study of 9 necroosy cases elegantly de- 
scribes and illustrates the changes seen in 
endarterectomized arteries both proximal 
and distal to the anastomotic site of sa- 
phenous vein bypzss grafts. They describe 
myointimal proli eration typical athero- 
sclerotic plaque end organized thrombus 
at the site of enda-terectomy. Myointimal 
proliferétion (as apposed to typical ath- 
erosclerotic plaques), similar to that 
which we descrited, were believed to be 
the mos: commoa cause of restenosis. 
Amy H. Kragel, mp 
William C. Roberts, mp 
Bethesda, Maryland 
27 September 1989 


Plasma Norepinephrine and 
Treatment of Heart Failure 


Kao et al,! ha~ing investigated the ef- 
fects of -reatmen: of congestive heart fail- 
ure (CHF) on th: plasma norepinephrine 
(NE) ccncentratzon, concluded that clini- 
cal improvement was associated with a 
reducticn in plasma NE levels, while dete- 
rioration was assvciated with an increase. 
The authors note our results? concerning 
the importance oz several regional contri- 
butions to the total abnormality of plasma 
NE in CHF; they do not consider the find- 
ing repcrted in the same article, which is 
much more relevant to their study: the 
plasma NE concentration in CHF is high 
because of both increased “spillover” or 
diffusioa of NE to plasma (reflecting 
overali sympathecic nervous system activ- 
ity) ard reduced plasma clearance of 
NE. We hypothesised then that the prog- 
nostic stgnificance of the plasma NE con- 
centration* depends on progressive im- 
pairmer.t of regicnal blood flow, with con- 
sequent reductior of the plasma clearance 
of NE, as heart failure becomes more se- 
vere. W2 have re~iewed the data from our 


studies of NE kiretics in CHF*° and now ` 


offer evidence in support of the hypothe- 
sis, which is equelly relevant to the study 
of Kao et al. 

We studied 18 patients with CHF (New 
York H2art Association class II to IV, left 
ventricular ejection fraction 9 to 39%, 
mean 23 + 10). All studies were done af- 
ter CHF treatment had been stopped for 
at least 5 days. The arterial plasma NE 
concentration was 499 + 56 (mean + 
standard error) pg/ml. Total NE spillover 
to plasma was 563 + 72 ng/min, and plas- 
ma clearance of NE was 1.17 + 0.07 li- 
ters/min. These values, as noted in the 
original publicatons, differ significantly 
from thase of control subjects; the concen- 
tration and spillover rate are high, and the 
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clearance is low. Figure 1 shows the rela- 
tions between these parameters and the 
left ventricular ejection fraction. There is 
no significant relation between left ven- 
tricular ejection fraction and NE spillover 
to plasma; the relation between the plas- 
ma NE concentration and left ventricular 
ejection fraction therefore depends on 
that between dslasma NE clearance and 
left. ventricula> ejection fraction. This is 
borne out by multilinear regression, in 
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FIGURE 1. Relation between plasma 
norepinephrine (NE), NE spillover to 

plasma and plasma NE clearance and 
left ventricular (LV) ejection fraction. 


which only plasma NE clearance retains 
an independent association with left ven- 
tricular ejection fraction. 

The response of plasma NE concentra- 
tion to treatment of CHF is also likely to 
reflect hemodynamic improvement, or , 
lack thereof, and its effect on regional 
blood flow and consequently the plasma 
clearance of WE. There is at present no 
evidence concerning the effects of drugs 


r 


~~. 


See 


(other than digitalis®) on sympathetic 

function in patients with CHF, which dis- 

sociates effects on plasma NE clearance 

from any putative direct effect on sympa- 
thetic nerve activity or NE release. 

Gregory J. Hasking, me, PhD 

Newcastle, Australia 

Murray D. Esler, MB, PhD 

Melbourne, Australia 

27 December 1989 
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congestive heart failure secondary to coronary 
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ure. N Engl J Med 1984;311:819-823. 
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1988,;78:516~521. 
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thetic neural recordings. Circulation 
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Usefulness of Echocardiography 
in Managing Left Ventricular 
Thrombi After Acute Myocardial 
Infarction 


J found the article by Weintraub and 
Ba’albaki! disappointing for a number of 
reasons. The decision tree is quite simplis- 
tic—currently available microcomputer 
software programs for decision analysis 
make model construction and analysis 
easy. The lower decision tree in Figure 1B 
gives the impression that one can choose 
whether to administer anticoagulants de- 
spite the presence (or absence) of mural 
thrombus. When decision models are con- 
structed to examine the clinical value of a 
diagnostic procedure, one is usually 
“forced” into action based on the test re- 
sults: a “positive” result implies treat- 
ment, a “negative” result no treatment. 
To offer a decision node after the results 
of the echocardiogram is known is thus 
inconsistent with most techniques of mod- 
eling. This type of decision tree should 
contain only the following 3 choices: (1) 
anticoagulate all patients; (2) perform 


_ echocardiography on all patients; and (3) 


no anticoagulation and no echocardiogra- 
phy for all patients. The choice for utility 
scale (patients treated to prevent cerebro- 
vascular accident or extra bleeding) is 


cumbersome to translate into a decision 
tool for the individual patient. The deci- 
sion tree should contain explicit branches 
that model the risks of cerebrovascular 
accident and bleeding as separate chance 
events that might occur at different times. 
The choices used for the Results section 
(All Patients, Positive Echo, Negative 
Echo, Echo Guided) provide little clinical 
insight: the Positive Echo choice is always 
the “best” strategy (minimizes the num- 
ber of patients treated to prevent a cere- 
brovascular accident). If one just focuses 
on the All Patients and Echo Guided 
choices, the sensitivity analyses show that 
the All Patients choice is always best— 
despite the risks of bleeding with or with- 
out warfarin, Therefore, the value of the 
echocardiogram as a management tool is 
not supported by the results data. The 
data labeling in Figure 5 is wrong (the All 
Patients choice should be below the Echo 
Guided choice, as shown in all other fig- 
ures), and the X axis of Figure 7 is misla- 
bled (should be on warfarin, not off war- 
farin). Finally, the authors omitted a 
much more extensive model of this whole 
problem area published in 1983.* The 
conclusion of this earlier model was that 
echocardiography was mainly useful in 
helping to manage patients at risk for mu- 
ral thrombus who were also at increased 
risks for bleeding from anticoagulation 
therapy. 

Dennis A. Plante, mp 
Burlington, Vermont 
6 October 1989 


1. Weintraub WS and Ba’Albaki HA. Decision 
analysis concerning the application of echocar- 
diography to the diagnosis and treatment of 
mural thrombi after anterior myocardial in- 
farction. Am J Cardiol 1989,64:708-716. 

2. Plante DA, Lau J, Pauker SG. Microcom- 
puter-based medical decision making: echocar- 
diography for ventricular thrombus. Sem Ul- 
trasound 1983;4:308, 


I applaud Weintraub and Ba’albaki’s! at- 
tempt to clarify the issue of the use of 
echocardiography in defining the risk of 
stroke after acute myocardial infarction 
and to offer rational guidelines for antico- 
agulant therapy. They allude to the issue 
of timing of echocardiography. This issue 
is more acute than suggested. Formation 
of echocardiographically detected mural 
thrombus can occur at any time during 
the first 12 days after an infarction.2~ To 
identify all patients with thrombi, one 
would either be obliged to perform serial, 
even daily, echocardiograms in all pa- 
tients with anterior infarcts (expensive 
and impractical) or wait until the seventh, 
tenth or twelfth postinfarct day. Most 
strokes, however, occur within the first 
week after an infarct.>-° Thus, any strate- 
gy in which anticoagulant therapy is initi- 
ated only upon the echocardiographic 
demonstration of a mural thrombus is un- 
likely to be practical or effective. A more 
effective strategy would include early 
anticoagulation of all anterior Q-wave in- 
farctions and the use of echocardiography 
to identify candidates for continued anti- 
coagulant therapy. The presence of akine- 


sis, dyskinesis or mural thrombus would 
indicate long-te-m therapy. 
Paul T. Vaitkus, mD 
l Philadelphia, Pennsylvania 
16 October 1989 
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REPLY: I found Dr. Plante’s comments 
unfortunate in content and tone. The deci- 
sion tree is simple, but to call it “simplis- 
tic” is not necessary. We disagree that the 
result of the echocardiogram “forces” any 
one therapy. It is appropriate that out- 
come after both positive and negative 
echocardiogram be considered. In partic- 
ular, the negative echo model shows the 
limited use of anticoagulation in these pa- 
tients. This further strengthens the argu- 
ment for the “echo guided model.” In gen- 
eral, it is appropriate to consider therapy 
in light of any finding. We further reject 
Dr. Plante’s view of consistency with 
“most techniques of modeling.” There is 
no one path of scientific inquiry. In devel-. 
oping the model the way we have, we add- 
ed something slightly different. 

We have been most circumspect in bal- 
ancing cerebrovascular accidents against 
bleeding. We do not agree that it is inap- 
propriate as a utility scale. What is the 
major risk of anticoagulation, the major 
benefit? If the risk of bleeding is not rele- 
vant, then Dr. Plante would be right, and 
all patients should be anticoagulated. This 
point of view is not consistent with our 
clinical experience. We do balance bleed- 
ing against anticoagulation clinically, 
generally in the absence of models and 
published data. Our article is but an at- 
tempt to develop how clinicians think 
about this in a more formal context. We 
acknowledge that there are imperfections 
and limitations of the study and the mod- 
el, but we have been circumspect in our 
conclusions, allowing the clinician wide 
latitude in balancing cerebrovascular ac- 
cidents against bleeding. For Dr. Plante to 
state that one cannot be compared to the 
other because they are separate chance 
events occurring at different times flies in 
the face of good medica] judgement and is 
potentially harmful to patients. 
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READERS’ CON MENTS 


Regarding the article we “missed.” 
Seminars in Ultra.ound is not a peer re- 
viewed publicationand is not listed in the 
Index Medicus or any computerized in- 


dex. It is unlikely that we would come 


across it. 

I thank Dr. Vaikus for his supportive 
comments. I agre that the appropriate 
strategy is to antic@agulate patients with 
anterior Q-weve myocardial infarction on 
admission to the hcspital in the absence of 
contraindications. Echocardiography is 
most appropriate in guiding the use of 
long-term oral ariicoagulation. I made 
precisely this point repeatedly throughout 
the article. I thank Dr. Vaitkus for restat- 
ing it. 
“Viliam S. Weintraub, mo 

Atlanta, Georgia 
17 November 1989 


CORRECTIONS 


In the June 5, 1959, AJC symposium. is- 
sue, the address fer reprints for Dr. Kin- 
hal’s study is inc-rrect. The correct ad- 
dress is: Vithal K-nhal, MD, 18263 Ten 
Mile Road, Suite E, Roseville, Michigan 
48066. Also. on ‘pages 651 to 671I all 
LVEFs should reed LVET. 


The artic.e, “ostmarketing Surveil- 
lance in 70,398 Fatients Treated with a 
Triamterene/ Hy: rochlorothiazide Com- 
bination (Maxid )” by Hollenberg and 
Mickiewicz :n the January 17, 1989 sym- 
posium issue, on Dage 40B, has errors in 
placement cf couumns in Table V. The 
three columns urder “Fiesponse to One- 
Half Tablet Daty” should be switched 
with the thrze ccumns under “Response 


to One Tablet Daly”. The corrected table . 


is printed below. 


The erticle, “Sfficacy and Safety of 
Triamterene/Hy4drochlorothiazide Com- 
binatiors in Mid Systemic Hyperten- 
sion” by Schnaper and Maxwell in the 
January 17, 1989 symposium issue, on 
page 34B, has an error in Table V. In the 
first column, uncer Period 3, triamterene 
(TMT) should read 75 mg, not 37.5 mg 
and hycrochlorothiazide (HCTZ) should 
read 5C mg, nor 25 mg. The corrected 
table is printed below. 


TABLE V Results of Nonresponders to TNT (37.5 mg; and 
HCTZ (25 mg) n Whom Therapy was Changed to TMT £75 


mg) and HCTZ 150 mg) 


Mean Sitting Blood Pressure 


(mm HegX+SD) 


Systolic -> Diastolic 


Period 1 (placeto) 
(n = 16) 
Period 2. 


TMT 37.5 mg 134 (5) 88 (3) 


HCTZ 25 mg 
(n = 16) 
Pericd 3 


TNT 75 mg/ 128 (5) 82 (3) 


HCTZ 50 mg 
(n = 16) 
Charge . 
Period 3 vs ~5.4 -5.8 
Period 2 


‘p value of change p <0.0001 





149 (10) 96 (4) 


p <0.0001 


Mear Siting 
Pulse (45D) 


+14 


NS 


Abbseviations as i Table Il, 


TABLE V Bloc Pressure (BP) Response to a TMT /HCTZ Combination 


Grouping of Petients* 


By basel ne dizstoliz BP a Hg) 
90-1C4 
105-114 
2115 
By age (yr) 
<60 y2ars 
=60 years 


Respons» to 
One-Haif Tablet Daily 


Achieved Mean BP 
Goal BF Changet 
(mm Hg) 


* Only patients re=eiving a fxed dose and who were treated for a least 21 days are included in this analysis. 
t Statisticaly sign: can: change from baseline (p <0.01, t test). 
Abbreviaticns asi Tabi [. 
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Response to 


One Tablet Daily 


Achieved 
Goa BP 


Mean BP 
Changet 
(mm Hg) 
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What’s a common 
denominator 
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Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and ħearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 
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After 
-Masahiro Mizutani, $. Ben Freedman, Elizabeth Barns, 
Sadamasa Ogasawara, Brian P. Bailey, and Louis Bernstein 


We performed 12-lead electrocardiographic monitoring in 97 
patients during percutaneous transluminal coronary angio- 
plasty of a single vessel to correlate ischemic ST changes with 
clinical, angiographic and coronary hemodynamic variables 
and to determine the optimum lead or combination of leads for 
their detection. Our data indicate that ST changes during 
PTCA may be reliably detected by optimal selection of 3 leads. 
Occurrence of ischemia is related principally to the vessel dilat- 
éd and lesion hemodynamics; recurrent ischemia is uncommon 
immediately after PTCA and may be detected by single-lead 
ST monitoring. 


Hiroshi Ohtani, Nagara Tamaki, Yoshiharu Yonekura, 
ishtiaque H. Mohiuddin, Kazuo Hirata, Toshihiko Ban, and 
~ Junji Konishi 
We evaluated the predictive value of preoperative reinjection 
thallium-201 imaging for improvement in regional function af- 
ter coronary artery bypass grafting. After routine stress and 3- 
hour delayed imaging, 40 MBq of thallium-201 was injected to 
‘perform the reinjection tomography in 24 patients before the 
operation. Our data indicate that the reinjection of thallium- 
201 should be performed to identify reversible ischemic seg- 
ments after CABG when routine stress and delayec imaging 
show no redistribution. 


Brian P. Kimball, K. Randal Watson, Sanh Bui, and David 
Frankel 


We examined the effect of intravenous nisoldipine on cardiac 
= performance during pacing-induced ischemia in 14 patients 
- with coronary artery disease. The relative contributions of af- 

terload reduction or prevention of myocardial ischemia were 

assessed using load-dependent global (peak-systolic pressure/ 
end-systolic volume) and regional (peak-systolic pressure/end- 

ys dial length) “contractile” indexes. Intravenous nisol- 
dipine maintains ventricular performance during rapid atrial 
a combination of systemic vasodilation and amelio- 
of ischemic myocardial dysfunction. 
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John R. Levinson, Charles A. Boucher, Christopher M. Coley, a 
Timothy E. Guiney, H. William Strauss, and Kim A. Eagle = oo 


Dipyridamole-thallium-201 scanning is sensitive in identifying. 
patients prone to ischemic cardiac complications after vascular = 
surgery, but its specificity is limited. To determine which pa- 
tients with redistribution are at highest risk, thallium images 
were interpreted semiquantitatively in 62 consecutive patients. 

Our data indicate that determining the extent of redistribution - 
by dipyridamole-thallium-201 scanning improves risk stratifi- 
cation before vascular surgery. nhs 


411 2 
Management of Complications Associated with a First- 
Generation Endocardial Defibrillation Lead System for 
Implantable Cardioverter-Defibrillators 

Nicholas G. Tullo, Sanjeev Saksena, Ryszard B. Krol, Ann 
Marie Mauro, and Denise Kunecz 





416 
Characteristic Variation in Evoked Potential Amplitude 
with Changes in Pacing Stimulus Strength 

Anne B. Curtis, Fred Vance, and Kim Miller-Shifrin 


Using a computer-based pacing system emulator, we delivered 
stimuli at various amplitudes to 12 patients through permanent _., 
bipolar pacing leads with measurement of the amplitude of the. . 
resultant evoked potentials. There is a marked change in the 
magnitude of the evoked potential with increasing pacing am- 
plitude in permanent bipolar pacing leads. 











Wilbert 5. Aronow, Anthony D. Mercando, Stanley Epstein, 
and Itzhak Kronzon i l 


What is the effect of quinidine or procainamide versus no anti- - 
arrhythmic drug on sudden, cardiac and total death? In 406 
elderly patients with heart disease and asymptomatic complex 
ventricular arrhythmias, survival by Kaplan-Meier analysis 
showed no significant difference between the 2 groups for sud- 


den, cardiac, or total death through 4 years.. 
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Massie 


_ Should Complex Ventricular 


A 


Jeffrey L. Anderson 


Arrhythmias 
Congestive Heart Failure Be Treated? 


-Kevin J. Ferrick, Steven A. Fein, Aileen M. Ferrick, and 
_ Joseph T. Doyle | 


_ Should Be Treated with An 
yme Inhibitor: A Protagonist’s Viewpoint 


_ Nitrates Are Effective in the Treatment of Chronic 
_ Congestive Heart Failure: The Protagonist’s View 


in Patients 





Should Asymptomatic Ventricular Arrhythmia in 
Patients with Congestive Heart Failure Be Treated? 


“Patient 


An 


: Are Nitrates Effective in the Treatment of Chronic 
Viewpoint 


Philip J. Podrid and John S. Wilson 


Heart Failure? Antagonist’s 
Milton Packer 


462 


Heart Failure 


_Philip.A. Poole-Wilson 


l 


for 


ilip J. Spevak, John L. Bass, Giora 
Lock 


Future Perspectives in the Management of Congestive 


Ben-Shachar, Peter 


ein, John F. Keane, Stan Perry, Lee Pyles, and James 





We attempted balloon angioplasty in 9 childrer 
tal mitral stenosis who were symptomatic wit 

tive heart failure. Effective reduction in mitral gradien 
initially achieved in 7 patients. No strokes, infections or de 
were due to the procedure. Balloon angioplasty should be « 
sidered before mitral valve replacement in younger pa 
and in those whose mitral valve replacement would 1 
problematic. -e ! 














































477 
Heart-T its a 
Jean-Claude Dussaule, Alain Nitenberg, Oscar Tavolaro, 
Christophe Benvenuti, Daniel Loisance, Alain Castaigne, 
Jean-Paul Cachera, and Raymond Ardaillou 


Plasma atrial natriuretic factor, plasma cyclic guanosine mo- 
nophosphate, plasma aldosterone, plasma-renin activity and _ 
hemodynamic parameters were measured in heart-transplant 
recipients and control patients (chest pain syndrome) during 
right-sided heart catheterization under basal conditions andin 
response to an intravenous saline load. Basal plasma ANF and 
CGMP were higher in heart-transplant recipients than incon- a 
trol patients, whereas PRA and plasma aldosterone did not 
differ. The sluggish response of plasma ANF in this group was _ SS 
associated in the postinfusion period with a nonreturn of the 
hemodynamic parameters to their basal values in contrast with: 
what was observed in control patients. 





METHODS 


Improved Prediction of Left Ventricular Mass by 
Fred Kornreich, Terrence J. Montague, Gerard van Herpen, _ 
Pentti M. Rautaharju, Philippe Smets, and Michèle Dramaix 


In 72 normal subjects and 84 patients with left ventricular 
hypertrophy, we recorded body surface potential maps from 
117 thoracic sites and 3 limb electrodes. Substantial improve- 
ment in predicting LV mass from electrocardiographic mea- 
surements can be achieved by appropriate selection of a limit- 
ed, practical subset of electrode positions from body surface 
potential maps. 





Noninvasive Estimation of Right Atrial Pressure from 
Barbara J. Kircher, Ronald B. Himeiman, and Neison $. 
Schiller 


The percent respiratory collapse of the inferior vena cava on 2- 3 
dimensional echocardiography was compared to right atrial 
pressure determined by flotation catheter within 24 hours of — 

iminat- 













echo in 83 patients. Sensitivity and specificity for discri 
ing right atrial pressure < or 210 mm Hg was maximi 
the 50% level of inferior vena cava collapse. Two-dimensio: 
echocardiography can be used as a simple guide to right atrial 
pressure. rie A 
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Effect of Altered Flow on Mitral Valve Anulus aig 
Byron F. Vandenberg and Richard E. Kerber ; 
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Immediate reports from 
a tape-based Holter 


oxymoronic, kind of 
like jumbo shrimp. 
Fact is, they 
both exist. 
| But that didn’t used 
~ to be the case. 
It used to be that if fast reports were what 
you wanted from a Holter system, you were 
limited to solid-state recorders. And the higher cost 
and limitations that go with them. 


"But Used-To-Be’s Don’t Count Any More. 


Not since the introduction of our new line of Q-corder™ 
Holter systems. Each Quinton system uses a standard Holter 
cassette tape (recorded in 1 mm/sec format). But, unlike 
other tape-based systems, our recorders analyze ECG data 
in “real-time.” As it’s happening. 
_.. Thanks to this unique technology, you get a Quik-Summary™ 
report of data recorded on the Q-corder 932 within two minutes 
of inserting the tape. 
Just like real-time, solid-state systems, but without the volatile 
Oe peor Or extra expense. 
That means all ECG data is there to stay — you can store the 
ie fe! e for future use. That's not thec case with data recorded o on 


Tape Format Has A Mind Of Its Own. 
Ea isall Tenana — of our recorders see taal 


the recording cycle, just pop the cassette into the playback deck : 
and you'll get a comprehensive report. Complete with narrative, 
tabular, and trend summaries based on beat-by-beat annotated — 
data and dual-channel arrhythmia detection; three-channel ST 
analysis; R-R interval and heart rate data; pacer detection: and more 


High-Resolution, Color Monitor 
Means You Get The Picture. a 


On our top-end system, he 
Q960, the high-resolution, color 
monitor allows you to view 
and edit each annotated, dual 
channel event (withħcolor 
-coded rhythm abnormalities); 
perform superimposition scanning; and view full- disclosure 
waveforms. 


Lower Cost Of Q955 And Q950 Won't Cost You Many Feature 


Like the Q960, the Q955 system also provides superimposi- 
tion viewing, but on a less expensive monochrome display. . 

And the Q950 system provides full-disclosure, Quik-Su 
reports, but without superimposition. 


It’s Your Call. 


Pick up the phone. We'll send you all the details. : 

By the way, as long as we're dispelling myths, step on a crac 
your mother will be fine. And go ahead, make a cross-eyed f ce 
your eyes won't get stuck like that. 
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389 
ST Monitoring for Myocardial Ischemia During and After 
Coronary Angioplasty 

Masahiro Mizutani, S. Ben Freedman, Elizabeth Barns, Sy 
Ogasawara, Brian P. Bailey, and Louis Bernstein 





EM 


We performed 12-lead electrocardiographic monitoring in 97 patients 
during PTCA. Ischemia (pain or ST change) occurred in 80%, but only in 
65% of those with collaterals. Ischemia was more common in left anterior 
descending and left circumflex than right coronary PTCA, but pain was. 
the only manifestation more commonly in left circumflex and right coro- 
nary than left anterior descending PTCA. Patients with ischemia during © 
inflation had less severe lesions, higher transstenotic gradients and lower 
distal occluded pressure than those without ischemia. The best combina- 
tion of 3 leads to detect ischemia during inflation was V3/TII/Vs for left 
anterior descending PTCA and III/V>2/Vs for left circumflex and right 
coronary artery PTCA, giving a sensitivity of 100% compared to all 12 
leads. In 50 of the patients monitored for 20 hours after PTCA, recurrent 
ST elevation was detected in 2 (4%) and preceded chest pain in both. 
Thus, ST changes during PTCA may be reliably detected by optimal 
selection of 3 leads. Occurrence of ischemia is related principally to the 
vessel dilated and lesion hemodynamics. Recurrent ischemia is uncommon 
immediately after PTCA and may be detected by single-lead ST monitor- 
ing. 





Value of Thallium-201 Reinjection After Delayed SPECT | 
imaging for Predicting Reversible Ischemia After Coronary 
Artery Bypass Grafting 

Hiroshi Ohtani, Nagara Tamaki, Yoshiharu Yonekura, Ishtiaque H. 
Mohiuddin, Kazuo Hirata, Toshihiko Ban, and Junji Konishi 





Predictive value of preoperative reinjection thallium-201 imaging for 

improvement in regional functien after coronary artery bypass grafting 

(CABG) was evaluated. After routine stress and 3-hour delayed imaging, 

40 MBg of thallium-201 was injected to perform the reinjection tomogra- 

phy in 24 patients before the operation. New redistribution was obtained _ 

after reinjection in 47% of the segments without definite redistributionon 
7 the hey images, Aa the Pe without redistribu | tion on the TE 
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ration of Left Ventricular Performance with Reduced | 
Ischemic Dysfunction by Intravenous Nisoldipine _ 
Brian P. Kimball, K. Randal Watson, Sanh Bui, and David Frankel 






The effect of intravenous nisoldipine on cardiac performance was exam- 
ined during pacing-induced ischemia in 14 patients with coronary artery 
disease. The relative contributions of afterload decrease or prevention of 
myocardial ischemia were assessed using load-independent global (peak- 
systolic pressure /end-systolic volume) and regional (peak-systolic pres- 
sure /end-systolic radial length) “contractile” indexes. Nisoldipine de- 
creased aortic pressure and prevented elevation of left ventricular end- o 
diastolic pressure during rapid atrial pacing. Resting cardiac index and sN 
left ventricular ejection fraction increased after nisoldipine, which also ee. 
prevented the deterioration in left ventricular ejection fraction and frac- 

tional radial shortening during rapid atrial pacing. Under these conditions, 

nisoldipine preserved myocardial function, as determined by global peak 

systolic pressure /end-systolic volume and regional “contractile” indexes. 

Intravenous nisoldipine maintains ventricular performance during rapid 

atrial pacing via a combination of systemic vasodilation and amelioration 

of ischemic myocardial dysfunction. 
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Usefulness of Semiquantitative Analysis of Dipyridamole- 
Thallium-201 Redistribution for Improving Risk Stratification 
Before Vascular Surgery 

John R. Levinson, Charles A. Boucher, Christopher M. Coley, Timothy E. 
Guiney, H. William Strauss, and Kim A. Eagle 





Dipyridamole—thallium-201 scanning is sensitive in identifying patients 
prone to ischemic cardiac complications after vascular surgery, but its 
specificity is limited. To determine which patients with redistribution are- 
at highest risk, thallium images were interpreted semiquantitatively in 62 _ 
consecutive patients. Each scan was analyzed for the number of myocardi- 
al segments, the number of thallium views and the number of coronary. 
artery territories with redistribution. Seventeen patients (27%) had post- 
operative events, including unstable angina pectoris, ischemic pulmonary © 
edema, myocardial infarction and cardiac death. Thallium predictors of | 
these events included redistribution in 24 segments (p = 0.03), 22 _ 
segments (p = 0.005) and =2 coronary territories (p = 0.007). No patient 
with redistribution in only | view had an ischemic event (0 of 15). Thus, 
determining the extent of redistribution by dipyridamole—thallium-201 
scanning improves risk stratification before vascular surgery. 








Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 

















You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each, One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 





others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are conr 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 
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Gene ration Endocardial Defibrillation Lead System fe or | 
Implantable Cardioverter-Defibrillators | 

Nicholas G. Tullo, Sanjeev Saksena, naa B. Krol, Ann Marie Mauro, 
Denise Kunecz 












An automatic cardioverter-defibrillator was implanted using i an diar Se 
dial defibrillation lead system in 10 patients with sustained ventricular 
tachycardia or ventricular defibrillation. Six lead system complications 
were observed during a follow-up period of 51 + 36 weeks. Three catheter 
electrode fractures occurred, and 2 patch electrode fractures were detect- 
ed. Lead fracture was often asymptomatic, but 1 patient presented with 
inappropriate defibrillator shocks and 1 patient died suddenly. One addi- 
tional complication involved malfunction of a previously implanted per- ko 
manent pacemaker pulse generator during defibrillator threshold testing. ee OM 
Catheter and patch electrode replacement procedures were performed in 3 ee 
patients. It is concluded that serial clinical, roentgenographic and electro- 
physiologic evaluation should be included in follow-up procedures. for 
endocardial defibrillation lead systems. Endocardial defibrillation thresh- 
old testing may cause malfunction of previously implanted pacemaker 
systems. Endocardial lead replacement is feasible without thoracotomy. 


























416 
Characteristic Variation in Evoked Potential Amplitude with 
Changes in Pacing Stimulus Strength 

Anne B. Curtis, Fred Vance, and Kim Miller-Shifrin 





Using a computer-based pacing system emulator, stimuli at various ampli- 
tudes were delivered to 12 patients through permanent bipolar pacing 
leads with measurement of the amplitude of the resultant evoked poten- 
tials. Evoked potential amplitude declined significantly as stimulus ampli- 
tude increased. Pacing at 2.5 V was performed in an additional 8 patients 
with temporary quadripolar electrode catheters. Evoked potential ampli- 
tude was maximal when the proximal 3 poles of the catheter were con- 
nected as a common anode. When the proximal 2 poles of the catheter 
were disconnected to make the anode equal in size and current density to 
the cathode, the evoked potential again declined significantly. The decline 
in evoked potential amplitude at high stimulus amplitudes in permanent. 
pacing leads can be reproduced by manipulation of the size and current 
density of the anode of temporary electrode catheters, suggesting that 
anodal stimulation at the ring of permanent pacing leads may be 
responsible. 
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Death i in n Elderly Patients with Heart Disease and Compl ) ex ex ‘2 
Ventricular Arrhythmias ee 
Wilbert S. Aronow, Anthony D. Mercando, Stanley Epstein, and 
ltzhak Kronzon 









A prospective study correlated the effect of quinidine or procainamide Ee 
versus no antiarrhythmic drug on sudden, cardiac and total death in 406- 
elderly patients with heart disease and asymptomatic cc complex ventricular 
arrhythmias. Of 397 patients treated with quinidine, 184 (46%) developed 

adverse effects during the first 2 weeks of therapy and were given no 
further antiarrhythmic therapy. Of 9 patients treated with procainamide, 

2 2 (22%) developed adverse effects during the first 2 weeks of therapy and | 

were given no further antiarrhythmic therapy. Mean follow-up was 24 + 

15 months in both groups. Sudden, cardiac and total death occurred in 21, 

43 and 65% of patients receiving quinidine or procainamide, respectively, Eao 
and in 23, 44 and 63% of patients receiving no antiarrhythmic drug, ee” 
respectively (difference not significant). Survival by Kaplan-Meier analy- n 

sis showed no significant difference between the 2 groups for sudden, 

eardiac or total death through 4 years. 














































CONGESTIVE HEART FAILURE 


429 
Congestive Heart Failure: Current Controversies and Future 
Prospects 

Barry M. Massie and Milton Packer 





431 
Effect of Milrinone on Ventricular Arrhythmias in Congestive 
Heart Failure 

Kevin J. Ferrick, Steven A. Fein, Aileen M. Ferrick, and Joseph T Doyle 





435 
Vasodilators Have Not Been Shown to Be of Value i in All 
_ Patients with Chronic Congestive Heart Failure Due to Left 
Ventricular Systolic Dysfunction 
Daniel L. Kulick and Shahbudin H. Rahimtoola 












= F all Patients with Left Ventricular Systolic Dysfunction Should 

- Be Treated with An Angiotensin-Converting Enzyme | Inhibitor: a 
A Protagonist’s Viewpoint 

cad M. Massie — 
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ee -Heart Failure: The Protagonist’s View eae 
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with Congestive Heart Failure E Be Treate >i 
A Protagonist’s Viewpoint | 
_ Jeffrey L. Anderson’ | 


451 : Je 
Should Asymptomatic Ventricular Arrhythmia i in Patients 
with Congestive Heart Failure Be Treated? 

An Antagonist’s Viewpoint 
Philip J. Podrid and John S. Wilson 


458. 

Are Nitrates Effective in the Treatment of Chronic Heart 
Failure? Antagonist’s Viewpoint 

Milton Packer 


462 
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Balloon Angioplasty for Congenital Mitral Stenosis 

Philip J. Spevak, John L. Bass, Giora Ben-Shachar, Peter Hesslein, John 
F. Keane, Stan Perry, Lee Pyles, and James E. Lock 


Balloon. angioplasty was attempted in 9 children (aged 0.1 to 10 years) 
with congenital mitral stenosis (MS). All were symptomatic with severe — 


congestive failure and failure to thrive. Effective reduction in mitral gradi- : a 
ent was initially achieved in 7 patients. For the entire group, the mean 
valve gradient decreased from 14.8 + 5.0 to 8.1 + 6.7 mm (p = 0.0007 ) ease 


and mean valve area increased from 1.1 + 0.5 to 1.8 + 0.9 cm?/m?(p = 
0.003). More than mild mitral regurgitation developed in 2 patients but 
none required surgery for mitral regurgitation. Poor gradient relief fol- 
lowed dilation of valves with unbalanced chordal attachments, with re- _ 
-striction to the valve apparatus as in mitral arcade, and when the obstruc- 


- tion was not purely valvar as with a supramitral ring. No strokes, infec- ge ON 
tions or deaths were due to the procedure. Based on these data, balloon 
angioplasty of congenital MS should be considered before mitral valve 
replacement in younger patients and in those in whom mitral valve re- ns ge 


‘pacanent would be problematic. 
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- Effectively inhibits 
platelet aggregation. 
_ Arecent study’ has shown that 
- ECOTRIN inhibits platelet aggrega- 
__ tion to the same degree as plain 
aspirin. Daily use of ECOTRIN offers 
_ Important cardioprotective benefits 
in patients with unstable angina or 
__ history of myocardial infarction. 
__ Enteric-coated to spare the 
stomach. 
é even low doses of plain 
spirin can significantly damage GI 
cosa,” ECOTRIN, at doses up 


it bypasses the stomach and thus 
helps avoid gastric irritation. 


The cardiologists’ choice. 
ECOTRIN is the leading brand of 
enteric-coated aspirin, combining 
antiplatelet efficacy with stomach- 
sparing protection. And that’s why 
more cardiologists, when concerned 
about aspirin irritation, recommend 
ECOTRIN over Bayer aspirin.? 
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Basal plasma atrial natriuretic factor (ANF } and cyclic guanosine mono- 
phosphate were higher in heart-transplant recipients than in control pa- 
tients. These high values appeared to be related to elevated atrial dimen- 
sions and cyclosporine- -induced renal failure. During volume expansion, 

the changes i in plasma ANF were less marked in heart-transplant recipi- 
ents than in control patients despite identical increases of atrial pressures. 

The sluggish response of plasma ANF in the first group was associated in 
the postinfusion period with a nonreturn of the hemodynamic parameters 
to their basal values. 
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Improved Prediction of Left Ventricular Mass by Regression 
Analysis of Body Surface Potential Maps 

Fred Kornreich, Terrence J. Montague, Gerard van Herpen, Pentti M. 
Rautaharju, Philippe Smets, and Michèle Dramaix 





Body surface potential maps were recorded from 117 thoracic sites and 3 
limb electrodes in 72 normal subj jects and 84 patients with left ventricular. 
(LV) hypertrophy. Multiple regression analysis was performed separately 
for 54 women and 102 men on 120-lead data, using as features instanta- 
neous voltages on time-normalized P, PR, QRS and ST-T waveforms. 
Leads and features for optimal prediction of echocardiographically deter- 
mined LV mass were selected. A total of 6 features from 3 torso sites in 
men and from the same 3 sites plus 2 others in women yielded correlations. igh 
between echocardiographic and electrocardiographic estimates of LV 
mass of 0.89 and 0.88, respectively. The standard errors of the estimate dodge 
(SEE) were 31 and 22 g, respectively. The single most potent predictor i wo 
both sexes was a mid-QRS voltage measured on a lead positioned 10cm 
below Vi QRS duration, late QRS and early-to-mid T wave amplitudes 2 
‘reco jed in the lower left flank contributed. significantly to to the perfor- 
mance of both regression models. In comparison, regression: analysis on 
the standard 12-lead electrocardiogram in the same population produced — 
~ acorrelation of 0.76 in men and 0.75 in women; the SEE were 48 oan 35 8 f 
respectively. l 
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The percent respiratory collapse of the inferior vena cavaon i 2-dimensional 

echocardiography was compared to right atrial pressure determined by 

-flotation catheter within 24 hours of echo in 83 patients. Sensitivity and 
specificity for discriminating right atrial pressure < or 210 mm Hg was 
maximized at the 50% level of inferior vena cava. collapse. ‘Two-dimen- 
sional echocardiography can be used as a simple guide to right atrial- 
pressure. | 
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— We performed 12-lead electrocardiographic 
__ monitoring in 97 patients during coronary angio- 
plasty (PTCA) of a single vessel to correlate ische- 
— mic ST changes with clinical, angiographic and cor- 
- — onary hemodynamic variables and to determine the 
__, optimum lead or combination of leads for their de- 
w tection. Ischemia (chest pain or ST change, group 
A) occurred in 79 patients (80%), but in only 15 of 
__ 23 patients (65%) with collaterals (p <0.05). Ische- 
_ mia occurred more often in left anterior descending 
and left circumflex PTCA than right coronary 
PTCA, but pain was the only manifestation more 
_ often in left circumflex and right coronary PTCA. 
Ischemic ST change was silent in 16% and this 
_ proportion did not differ in clinical or angiographic 
groups except for diabetes with 3 of 5 (60%) hav- 
ing silent ischemia (p <0.05). Patients in group A 
____ (ischemia) compared to group B (no ischemia) had 
_ fess severe lesions (85 + 9 vs 91 + 7%, p <0.01), 
higher transstenotic gradients (62 + 19 vs 53 + 9 
mm Hg, p <0.05) and lower distal occluded pres- 
< sures (24 + 11 vs 33 + 10 mm Hg, p <0.01), sug- 
es gesting less collateral flow. Compared with a 12- 
, tead electrocardiogram, the best single lead for de- 
> tecting ST change during PTCA in each artery had 
“a sensitivity of 80% and this increased to 93% us- 
-= ing the best 2 leads. The best 3 leads (V;/lll/V; for 
_. left anterior descending and IN/V2/Vs for right cor- 
onary and left circumflex) increased sensitivity to 
100%. In 50 of the patients, the lead showing 
_ — maximum ST change during PTCA was monitored 
__ for a mean of 20 hours after PTCA. Recurrent ST 
change occurred in 2 patients (4%), both with ST, 
which preceded chest pain in both. Thus, ST 
changes during PTCA may be reliably detected by 
optimal choice of 3 electrocardiographic leads. The 
occurrence of ischemia is related principally to the 
dilated and lesion hemodynamics that proba- 
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bly reflect collateral flow. Recurrent ischemia after 
PTCA is uncommon and may be detected by ST 
monitoring of a single lead. 

(Am J Cardiol 1990;66:389~—393) 


onitoring for ischemia during percutaneous 
JM (cst coronary angiography (PTCA). 

is performed routinely in most laboratories us- 
ing from | to 3 arbitrarily chosen electrocardiographic 
leads to detect ST-segment change. Although it is gen- 
erally accepted that 12-lead electrocardiographic moni- 
toring is more sensitive than monitoring only 1 to 3. 
leads,'~* most comparisons have not used leads optimal- 
ly selected for each artery. Continuous monitoring of 


the electrocardiogram has also been advocated in the 
period immediately after PTCA to detect ischemic : ae 


events that may be silent'* and which have been report- 


ed to occur with an incidence varying between 7 and — 


23%.'* In this study, we performed 12-lead monitoring 
during PTCA to correlate ischemic ST changes with 


clinical, angiographic and coronary hemodynamic vari- ee i 
ables and to select the optimum leads or lead combina- 
tions for detection of ischemic ST change. In a subset 


with ischemic ST changes during PTCA, we also moni- 
tored the electrocardiogram after PTCA to determine 
the incidence of recurrent ischemic events. 


METHODS 

Patients: We studied 108 consecutive patients un- 
dergoing PTCA of 1 coronary artery for angina pecto- 
ris. Of these, 11 were excluded (2 with lesions not 


crossed by the balloon, 3 with left bundle branch block z 
and 6 with inadequate electrocardiograms). The re- — 


maining 97 underwent PTCA and electrocardiographic 


recordings as described below. There were 71 men and — 
26 women in the study, with a mean age of 5549 


years (range 33 to 75). The clinical indication for — 
PTCA was stable effort angina in 35 patients and un- 
stable angina in 62 patients. There was a history of i in- 
farction in 36 patients (anterior in 19 and inferior in 
17). In 21 patients, this was a Q-wave infarction and in 
15, a non-Q-wave infarction. Seven had undergone. Pri 

bypass surgery and 9 were diabetic. coe 
_ Angiography: before PTCA revealed 1-vessel d 

































umflex in 28 and "Unt ¢ coronary artery in 31, “An 
other 28 patients (test set) underwent 12-lead record- 
_ ings during PTCA to determine prospectively the accu- 
racy of electrocardiographic lead selection derived from 
. the 97 patients described above (learning set). The 28 
patients comprised 25 men and 3 women, with a mean 
age 55 + 8 years, including 21 with left anterior de- 
- scending, 2 with left circumflex and 5 with right coro- 
nary dilatations. 
Angioplasty technique: PTCA was performed by 
the transfemoral approach, using standard techniques. 
_. Patients were pretreated with oral aspirin and dipyrida- 
= mole and intraveneus heparin. Measurement of lesion 
hemodynamics was possible in 77 patients in whom the 
dilatation balloon kad a distal pressure monitoring port. 
We recorded the transstenotic pressure gradient before, 
and the distal occhided pressure during the initial bal- 


loon inflation. 
Electrocardiographic recordings and 
A 12-lead electrocardiogram was recorded at 10-second 
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ST CHANGE 


ST verani ae 60 n ms s after + the} po 
to the TP segment. Measurements were mad 
point of maximal ST-segment change. Coron 
grams were reviewed by at least 2 observers blindes 
the electrocardiographic data. The number and the s 
verity (percent luminal diameter decrease) of coronal 
stenoses were determined by visual inspection. 
ST monitoring after angioplasty: In 50 of the pa- : 
tients with ST elevation during PTCA, the lead showing _ 
maximum ST elevation was monitored for a mean of 20 _ 
hours after PTCA using a single-channel ST monitor — 
we have previously validated. This monitor produces an _ 
alarm and a short electrocardiogram strip for verifica- _ 
tion, as well as a continuous trend plot of the ST-seg- _ 
ment level against time. | 
Statistical analysis: Results were expressed as mean _ 
+ standard deviation. The unpaired t test was used to 
examine significance of group mean differences and the. 
exact conditional binomial probability test (as appropri- 3 
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FIGURE 1. Relation of 
vessel dilated to ischemia 
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Dk Group B 
Any Ischemia (%) No Ischemia (%) p Value 


29 (83) 





Stable angina : 
Unstable angina 62 










6(17) 

















50 (81) 12(19) NS 

" Q-wave MI 21 16(76) 5 (24) NS 

oo Mi 15 14(93) 1(7) NS 

= 61 49(80) 12 (20) NS 

7 7(100) 0(0) NS 

Di 9 5(56) 4 (44) NS 

| geese CAD 73 57 (78) 16 (22) NS 

“Multivessel CAD 24 22(92) 2 (8) NS 
“Collaterals present 23 15(65) 8 (35) <0.05 

“1 Proximal narrowing 26 23 (88) 3(12) NS 

“Distalnarrowing 71 56(79) 15(21) NS 

“Fo Overall 97 79(80) 18 (20) 


CABG = coronary artery bypass grafting; CAD = coronary artery disease: Mi = 
myocardial infarction: NS = not significant. 


T : ate for samples with small expected cell sizes) was used 
™ to assess differences of proportions. A p value (2- 
tailed) <0.05 was considered significant. 


RESULTS 
= = Clinical, angiographic and hemodynamic correla- 
-Wons with ischemia: Patients were divided into 2 groups 
-based on evidence of ischemia during PTCA. Group A 
_ comprised 79 patients (80%) with some evidence of 
“ischemia during balloon inflation, that is, either ST ele- 
| vation or depression or chest pain or both, while group 
_ B comprised 18 patients (20%) with neither chest pain 
nor ischemic ST changes. Of the 79 group A patients, 
$9 had both chest pain and ischemic ST changes, 9 had 
_ chest pain only and 11 had ST changes only (silent isch- 
emia). The mean age of group A patients was not dif- 
-ferent from group B patients (57 + 9 versus 52 + 9 
years, respectively). The mean duration of balloon infla- 
tion was greater in group B than in group A (89 + 39 
versus 55 + 29 seconds, p <0.01) because inflations 
<- were maintained longer when there were no ST changes 
or chest pain. 

= The proportion of patients in the different clinical 
_. and angiographic subsets showing some evidence of 
_ ischemia during PTCA (group A) is listed in Table I. 
There were no significant differences for any of the clin- 
al subsets, although numbers in some of the subsets 
vere small and a real difference cannot be excluded. As 
night be expected, ischemia was less frequent in pa- 

tients with collaterals. 
_ - The relation of the vessel dilated to ischemia during 
PTCA i is shown in Figure 1. Some evidence of ischemia 
ST change or pain, group A) was more likely to occur 
ith left anterior descending or circumflex inflations 
han right coronary artery inflations (p = 0.07, Figure 
). Pain was the only manifestation of ischemia more 
requently in either left circumflex or right coronary 
an in left anterior descending inflations, where this 
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Hemodynamics and Ischemia During Angioplasty e 





Any Ischernia No Ischemia 





Group A Group B 





<00 _ 


Mean % 8549 9147 
Stenosis (n= 79) (n= 18) . 
Transstenotic 62419 5349 <0.05 ~ 
gradient (mm Hg) (n = 65) (n= 12) Si 
Distal occluded 24411 33410. <O.01 
pressure (mmHg) = (n = 65) (n= 12) l 









TABLE Ill Electrocardiographic Changes and Duration of 
Inflation in Silent and Symptomatic Ischemia 


Symptomatic Silent p Value 


= ST ft (mm) 6.6 + 8.0 45449 

£ STA (mm) 9.7 £8.7 6&1 +57 NS 
No. of leads with ST ¢ 3.1421 2942.2 NS 
No. of leads with STA 5.4427 4.5429 NS 
Duration of inflation (s) 54415 504 18 NS 









NS = not significant; E ST f = Sum of ST segment elevation; = STA= 
segment deviation (elevation or depression), 


sumi of ST- 


right coronary inflations (Figure 1), but the proportion 
of inflations with ischemic ST changes that were silent 
(i.e., no pain) was similar in all 3 arteries (Figure 1). 
The correlations between ischemia during PTCA 
and lesion severity and hemodynamics are listed in Ta- 
ble II. The group with some evidence of ischemia (pain 


or ST changes, group A) had a slightly lower mean per- ; ; 
cent stenosis than Group B, with a higher mean trans- 


stenotic gradient and lower distal occluded pressure, 
probably reflecting differences in effective collateral 
flow. 

ST-segment change occurred during PTCA in 70 
patients, and in 11 (16%) this was not accompanied by 
pain (silent ischemia). This proportion was not different 
in any clinical or angiographic subset except for diabe- 


tes, where 3 of the 5 diabetic patients with ischemia 


during PTCA (60%) had silent ischemia (p <0.05). The 
duration of inflation was not different in silent and 
symptomatic ischemia and while ST changes tended to 
be greater in symptomatic episodes, the differences were 
not significant (Table III). O RR 
Sensitivity of individual leads for detecting isch- 
emia: In the 70 patients with ischemic change (ST ele- | 
vation and / or depression = 1 mm), the frequency of ST 
deviation in individual leads is listed in Table IV, for 


each coronary artery. The most sensitive lead for detect- 


ing ST elevation was V» or V; for the left anterior de- | 
scending, lead III for left circumflex and lead III or- 
aVF for right coronary artery. The most sensitive lead 
for detecting ST depression was lead III for left ante: 
descending, V- or V; for left circumflex and V, for 
coronary artery. The lead that most often shee 




























































ST Depression - 


LC 











brè 
~g 


0 1 3 
7 1 1 
8 1 2 
0 3 9 
7 1 1 
0 5 2 
0 2 1 12 8 
0 2 3 12 7 
0 2 5 6 6 
1 Q 3 6 5 
4 0 4 3 3 
8 15 


“2 o Numbers in the table refer to numbers of patients with ST elevation or depression 
{in that lead. 

LAD = left anterior descending coronary artery; LC = left circumflex coronary artery; 

‘Right = right coronary artery. 


-or descending and V; for the left circumflex and right 
: coronary artery. 

The ability of a lead or combination of leads to de- 
tect ischemia was expressed as sensitivity for detection 
of ST deviation (elevation or depression) compared to 

-all 12 leads. When a lead or combination of leads de- 
tected ST depression but failed to show ST elevation 
-that occurred in another lead, this was recorded as a 
failure (to show ST elevation). Using the sensitivity, 
number of failures and magnitude of ST change to se- 
lect leads or lead groups, the best single lead and combi- 
nation of 2 or 3 leads for detecting ischemia during 
PTCA of each artery are listed in Table V. Selecting 
` the best single lead for monitoring in each artery would 
have resulted in an overall sensitivity of only 80% for 
detecting ST deviation, with no failures. Using the best 
combination of 2 leads for each artery, the overall sensi- 
tivity increased to 93%, with a 1% failure rate, while the 
best combination of 3 leads for each artery gave 100% 
sensitivity for detecting ischemia, with a 1% failure rate. 
- This failure was in a patient with left anterior descend- 
~ ing disease, who showed ST elevation in lead I and aVL 
:- and ST depression in V3. 
= Test set: When these combinations of 2 or 3 leads 
> derived from the 97-patient learning set were prospec- 
-tively applied to the test set of 28 patients, the best com- 
` bination of 2 or 3 leads gave a sensitivity of 100% with 1 
- failure for 2 leads and no failures for 3 leads, that is, an 
oe cape! almost. identical to that seen in the learning 
` Monitoring after angioplasty: In 50 of the patients 
ae with ischemic ST change during balloon inflation, the 
-lead showing maximum ST-segment deviation was 
l tored in the coronary care unit for a mean of 20 
F "CA. Recurrent ischemic ST change was 
ients, both with ST elevation. The ST- 
eded chest pain in both patients 
referral for urgent bypass surgery. 
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Lead : 
No. detected (sensitivity %) 31194) 9(50) 16 (84) 
No. failures 9 0 0 

2 leads 
Leads V3/ill H/V IN /Ve2 he 
No. detected (sensitivity %) 32 (97) 15 (83) 1805) | 
No. failures 1 0 0 

3 leads mae Eee 
Lead V3/IN/Vs  M/Va/VYs WW/V2/V5 
No. detected (sensitivity %) > (100)  18(100) Bo e 
No. failures 0 0. i 






Failure = failure to show ST elevation occurring in another lead when the aa jee 
group detected ST depression; LAD = left anterior descending coronary artery; LO. = 7.0 
left circumflex coronary artery; Right = right corenary artery. 





DISCUSSION 
The incidence of ischemia during PTCA as judged 
by ST deviation or pain did not vary significantly be- 
tween the different clinical subsets, although patients — 
with collaterals were less likely to develop ischemia. The. 
protective effect of collaterals may be underestimated, = 
because they can be recruited during balloon inflation . 
as shown by simultaneous injection of the contralateral 
artery.’ Meier et al’ showed that coronary wedge or dis- 
tal occluded pressure was higher in patients with visible 
or recruitable collaterals and suggested a pressure 230 
mm Hg may be a good marker of physiologically signif- 
icant collateral flow. This is supported by our findings. 
of greater mean distal occluded pressure (33 versus 24 
mm Hg) and lower transstenotic pressure gradient in 
group B patients without evidence of ischemia. In addi- 
tion, we found that mean stenosis severity in patients. 
without ischemia during PTCA was 91%, which was- 
significantly greater than in group A patients (85%). 
While these differences are small, they may be impor- 
tant for development of collaterals, which are usually 
not visible with lesions <90% in patients with l-vessel Een: 
coronary disease.’ o 
Although ischemia (pain and/or ST segment ee 
changes) occurred with equal frequency in left anterior 
descending and circumflex occlusions, pain as the. only 
manifestation of ischemia was significantly more fre- 
quent in the left circumflex artery. This is compatibl 
with previous data indicating that transmural ischemia 
in the distribution of the left circumflex artery is likely 
to be ‘electrocardiographically silent’. It is unlikely that 
this is due to a lower incidence of ischemia, as the inci 
dence of ischemia (pain or ST changes) was equal in 
left anterior descending and circumflex occlusions. Also, 
in a previous ait a simult i P recorded intracor- 
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hemia was silent in 16% of our patients and the 
ortion did not differ between clinical or angio- 
raphic subgroups. There was a tendency for symptom- 
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+ fi irm sonclasions. diabetics were more likely t to 
how silent ischemia during balloon inflation, consistent 
h previous reports of an increased incidence of silent 
chemia and infarction in diabetes.!213 
-<:> Although 12-lead monitoring during PTCA should 
-provide optimum sensitivity for detection of ischemia, 
most laboratories use between 1 and 3 leads. Previous 
studies have suggested an inadequate sensitivity of 2 or 
` 3 leads for detecting ischemia,! but in those studies, 
-the 2 or 3 leads chosen were either fixed for all 3 coro- 
ary arteries or picked arbitrarily without consideration 
__ of which lead or combination of leads was best for each 
-individual artery. In this study, we selected the best sin- 
-gle lead and combination of 2 and 3 leads for each ar- 
~ tery based on a comparison of performance with the 12- 
lead electrocardiogram. Our results indicate that use of 
a single lead is inadequate, but by using 2 appropriate 
leads, an overall sensitivity of 93% can be achieved with 
a very low failure rate. Addition of a third lead in- 
< creases sensitivity to 100%, indicating these 3 leads 
could replace the 12-lead electrocardiogram for moni- 
toring during PTCA. In laboratories with only 2 moni- 
-toring leads, appropriate lead selection for each artery 
i Should provide adequate accuracy for clinical purposes. 
Because lesions in arteries that have been dilated 
_ may be unstable and can occlude with either vasospasm, 
- thrombus or dissection, it would seem logical to monitor 

patients for recurrence of ischemia in the immediate 
-postangioplasty period. Krucoff et al!'!* have shown 
that the 12-lead electrocardiographic appearance during 
_ occlusion is closely mimicked by recurrent ischemic 
-events in the early postangioplasty period. This group 
i reported that 23% of patients developed recurrent isch- 
-emic events that were frequently silent or had a long 
_ silent period preceding the onset of pain. We selected 
| only those patients who had shown ischemic ST changes 








hemic uring as circumflex oc- a 







ing on panes mageni The e relatively low i 
dence of recurrent ischemic events in our patients n 
relate to routine use of aspirin, which was not the cas 
in the patients studied by Krucoff.! 
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<:i. The reinjection of a small dose (40 MBq) of 
thallium-201 after stress and delayed imaging 
-often shows new redistribution in the regions with 
persistent defect. Te assess whether these seg- 
ments may represent reversible ischemia, reinjec- 
tion thallium-201 single-photon emission computed 
tomography (SPECT) was performed after stress 
-and 3-hour delayed imaging in 24 patients before 
coronary artery bypass grafting (CABG). The left 
ventricular myocardium was divided into 5 myocar- 
dial segments and regional wall motion was scored 
on a scale from O (normal) to 4 (dyskinesia). Thalli- 
um-201 findings were compared with improvement 
in regional perfusion and wall motion 1 to 2 months 
after CABG. The reinjection imaging identified new 
redistribution in 15-of 32 persistent defects (47%) 
on the 3-hour delayed images. In the study of 
stress and delayed SPECT imaging, the improve- 
ment in perfusion was observed in 34 of 43 seg- 
ments (79%) exhibiting redistribution and 15 of 32 
(47%) segments without redistribution (p <0.01). 
The reinjection SPECT identified new redistribution 
in 12 of the 15 improved segments that were not 
detected on the delzyed images. Similarly, the im- 
provement in wall motion was observed in 23 of 31 
segments (74%) exhibiting redistribution and 14 of 
30 segments (47%) without redistribution on the 
‘delayed images (p <0.05). The reinjection identified 
new redistribution in 10 of the 14 improved seg- 
ments that were undetected on the delayed images. 
The predictive values for improvement in perfusion 
and wall motion by the reinjection imaging were 
significantly higher (92 and 89%) than those by the 
. delayed degdi (69 and 62%, respectively, p 
-<0.05 each). Thus,reinjection thallium-201 SPECT 
should be performed for identifying reversible isch- 
Ta ernie segments that are likely to improve in regional 
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widely used for the detection of coronary artery 

disease and the identification of reversible isch- 
emia.!~’ Initial perfusion defects with redistribution on 
the delayed images are considered to represent ischemic 
but viable myocardium,’ while persistent defects with- 
eut redistribution are usually considered as myocardial 
scar.°"!! However, recent reports described the limi- 
tation of this criteria, because persistent defects often 
contain reversible ischemia after revascularization.'*~!® 
Some investigators reported the value of late (24 to 72 
hours) delayed imaging that improved the detection of 
viable myocardium.'’-!” However, it is often difficult to 
assess redistribution due to low count density of thalli- 
um-201. Recently, Rocco et al” described the reinjec- 
tion of a small dose of thallium-201 after delayed imag- — 
ing that often shows new fill-in in the regions exhib- 
iting persistent defect on the delayed images. However, 
whether such segments really represent reversible isch- 
emia after revascularization remains unknown. There- 
fore, this study assesses how accurately the preoperative 
reinjection thallium-201 imaging predicts the improve- 
ment in perfusion and wall motion after coronary artery 
bypass grafting (CABG). 


S tress thallium-201 perfusion imaging has been 


METHODS 


Patient population: This study population was made 
up of 24 patients (18 men and 6 women) referred for ~~ 


CABG who underwent reinjection thallium-201 imag- 


ing after stress and delayed imaging before CABG. The __ 


age range was 50 to 75 years with a mean of 61.7. Four- 
teen patients had a history of myocardial infarction. 

Stress thallium-201 imaging: Each patient under- 
went stress thallium-201 imaging 1 week before CABG 
and repeated it 4 to 8 weeks after CABG. 


The exercise level started at 25 watts and increased 


an additional 25 watts every 3 minutes using an upright 


bicycle ergometer. Each patient exercised to the onset of 


angina pain, dyspnea, ST-segment depression (>0.2 
mV), a decrease in blood pressure cr until 85% of the. 


age-predicted maximal heart rate. One minute before _ 


completion of exercise, approximately 100 MBq (2.7 


mCi) of thallium-201 chloride was administered intra- 
venously. Postexercise perfusion imaging was performed __ 
within 10 minutes after the tracer injection. After Be a 
hour TR imaging, additional 40. vere. NA b m ; 































After. the post-stress and 3-hour delayed 
ing v was s repeated with the similar exercise load. 
A series of contiguous transverse slices of the left 
ventricular myocardium were reconstructed by filtered 
- back projection method using a Ramp-Hanning filter 
~ with a cutoff frequency of 0.5 cycle/pixel and Y filter. 
‘No attenuation correction was used. These images were 
_ further processed to obtain the short-axis and long-axis 
so sections perpendicular to the cardiac axes. 2% 
Wall motion analysis: Each patient underwent mul- 
Fe tigated radionuclide ventriculography in the anterior 
= and left anterior oblique projections after intravenous 
- injection of 740 MBq (20 mCi) of technetium-99m-la- 
~ beled red blood cells before and after CABG. The left 
_. ventricle was divided into anterior, apical, inferior, sep- 
tal and lateral segments. Wall motion was visually as- 
sessed by 2 experienced observers and graded on a scale 
-of 0 to 4 (normal, mild hypokinesia, severe hypokinesia, 
_ akinesia or dyskinesia).” 
_. When the wall motion score decreased by 21 after 
= the surgery, the segments were considered as improved 
` wall motion postoperatively. The wall motion in septal 
segment was excluded in this analysis because paradoxi- 
: cal motion is occasionally observed postoperatively.*4> 
interpretation of thallium-201 imaging: For visual 
interpretation, a series of short-axis, vertical long-axis, 
horizontal long-axis and transverse tomograms were dis- 
¿played on transparent film with the intensity of each 
image normalized to the maximal pixel value on the im- 
age. Separate films were obtained displaying 16 slices of 
- the stress, delayed and reinjection images. 

The left ventricular myocardium was divided into 5 
-segments corresponding to those of regional wall motion 
analysis. All pre- and post-CABG thallium-201 images 
were scored separately by the consensus of 2 experi- 
enced observers using a 5-point grading system (0 = 

normal, 1 = equivocal, 2 = mild, 3 = moderate and 4 = 
severe decrease of thallium-201 uptake) without knowl- 
< edge of the clinical history, electrocardiogram or angio- 
“graphic results. A stress perfusion defect was considered 
present when a myocardial segment had an initial stress 
score >1. Stress perfusion defects with a score zero on 
the delayed images were defined as complete redistribu- 
© tion. Stress perfusion defects with a decrease in score by 
=: 21 but not returned to zero were defined as incomplete 
_ redistribution. On the contrary, the defects with a same 
score on the delayed images were defined as persistent 
defects. The persistent defects were further categorized 
-according to their score pattern on the reinjection im- 
~ ages; those with a decrease in score on the reinjection 
images were defined as new redistribution after reinjec- 
< tion and those with the same score were defined as per- 
sistent defect after reinjection. 
When the thallium-201 score on the delayed images 
decreased by 21 after CABG, the segments with perfu- 
sion defect were considered as an improvement in perfu- 
sion after CABG. 
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TABLE lf Relation of Preoperative Thallium-201 imaging 
with Improvement in Regional Perfusion After Surgery 





Thalliurmn-201 Findings Postoperative Perfusion 














































Delayed Reinjection Improved Not improved Total 


had 2 grafts, 9 patients with 3-vessel disease had 2. _ 
grafts, 4 patients with 3-vessel disease had 3 grafts and 
2 patients with the left main trunk lesion had 2 grafts. 
Of 51 total bypass grafts, 48 (94%) were patent on the 
arteriography performed 1 month after CABG. Patients _ 
with evidence of a perioperative myocardial infarction oO 
were excluded from this study. ae 

Statistical analysis: Comparisons of proportions ae 
were performed by way of chi-square analysis or Fish- 
er’s exact test. Probability values <0.05 were considered ons 
significant. 


Preoperative thallium-201 findings: Preoperative —__ 
stress and delayed thallium-201 imaging detected perfu- 
sion abnormality in 75 segments, including 2 segments 
with complete redistribution, 41 segments with incom- 
plete redistribution and 32 segments with persistent de= 
fect (Table I). The stress and reinjection thallium-201. = 
imaging showed 12 segments with complete redistribu- 
tion, 46 segments with incomplete redistribution and 17 
segments with persistent defect. Of 75 segments with 
abnormal perfusion preoperatively, concordant findings _ 
were observed in 56 segments (67%) between the de- 
layed and reinjection imaging. However, the reinjection 
imaging exhibited incomplete redistribution in 15 of 32 
persistent defects and complete redistribution in 10 of 
41 segments with incomplete redistribution on the de- 
layed images (Table D. Interobserver variability wa 
5.8% on the delayed images and 5.0% on re 
images. | 

Preoperative thallium-201 findings versus impro 
ment in perfusion: Of 75 hypoperfused segments pi 
eratively, 49 segments improved in perfusion and 
remaining 26 segments did not improve ter 





















‘accurately pred: (34 of 49), while no im- 
provement in perfusi on was correctly predicted i in 65% 
(17 of 26) by the stress and delayed imaging. 

The reinjection imaging identified new redistribution 
in 15 of the 32 segments (47%) with persistent defect 
on the delayed images. Twelve of them showed im- respectively, Table HI). 
provement in perfusion (Figures 1 and 2), while only 3 Preoperative thallium-201 findings versus improve- 
segments exhibiting no redistribution after reinjection ment in wall motion: Of 61 hypoperfused segments 
improved in perfusion (p <0.01, Table II). Thus, the studied for wall motion analysis, 16 segments showed 
reinjection imaging accurately identified 80% of the im- normal motion and 45 segments showed abnormal wall 
proved segments showing persistent defect on the de- motion, preoperatively (Table IHI). After CABG, 37 


























































FIGURE 1. Three representative short-axis 
slices of stress (top), delayed (middle) and 
reinjection (bottom) images of a 64-year-old. 
eae ice ce A 


ages show no definite redistribution in anteri- 
or and inferior segments except slight redis- 
tribution in septal segment. The reinjection 
images, however, show definite fill-in (redis- 
tribution) in anterior, inferior and septal seg- 
ments. 




















FIGURE 2. Short-axis slices of stress (top) 
and delayed (bottom) images of the same pa- 


tient after coronary bypass surgery. Note im- 
provement in perfusion in anterior and septal 






























all motion and the remaining 8 did not improve in 
wall motion after CABG (p <0.05). However, 14 of the 
30 segments without redistribution on the delayed im- 
ages also had normal or improved wall motion. Thus, 
the stress and delayed i imaging accurately predicted im- 
provement in wall motion in 62% (23 of 37) and no 
-improvement in wall motion in 67% (16 of 24). 

= “The reinjection imaging identified new redistribution 
in 14 of the 30 segments with persistent defect (47%) on 
the delayed images (Table III). Ten of them showed 
~ improved wall motion (Figures 1 and 3), while only 4 
= Segments without new redistribution improved in wall 
motion. Thus, the predictive value for improvement in 
-wall motion by the reinjection imaging was 89% (33 of 
37), which was significantly higher than that by the de- 
-layed imaging (62%, p <0. 05), although the predictive 
_ values for no improvement in wall motion were similar 
_ between them (50 and 67%, respectively). 

















FIGURE 3. Preoperative (PRE-OP, top) and 


e Brelection (A) and anterior pitted (B) of eas 
-the same patient. Preoperative study shows A 

g akinesis in apical, septal and anterior seg- 

- ments and hypokinesis in inferior segment 

a moderate left ventricular dilatation. ig 





| or improved - wall mi | = 
r provement in wall mo- 
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“TABLE m Relation of Preoperative Thallium 201 imagi 
-with Improvement in Regional Wall Motion Afte 


Postoperative Wall Motion 
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DISCUSSION 7 
identification of ischemia by delayed imaging: In- 
our study, 79 and 74% of the segments showing redistri- 
bution on 3-hour delayed images improved in regional — 
perfusion and wall motion after CABG, respectively. 
These values were consistent with previous reports, >15 4 
indicating that the segments showing redistribution rep- 
resent ischemic but viable myocardium, as enco byo 
the improvement after revascularization.!? 























other aoe ne phen oe T ee in re- 
gional function in 45 to 75% of myocardial segments 
-with persistent defect. In addition, in the study of posi- 
tron emission tomography, Brunken et al'* and our- 
selves! showed that metabolically viable myocardium 
was occasionally observed in persistent defects. These 
_ observations suggest that the stress and delayed thalli- 
um-201 imaging may underestimate the presence of 
ischemic but viable myocardium because of the limita- 
tion of the persistent defects on 3-hour delayed images 
as a marker of nonviable myocardium. 

Value of reinjection thallium-201 imaging: The 
reinjection thallium-201 imaging identified new redistri- 
bution in 47% of those exhibiting persistent defect on 
the delayed images and 71 to 80% of these segments 
showed improvement in regional perfusion and wall mo- 
tion after CABG, yielding higher predictive values for 
such improvement by the reinjection imaging. The pre- 
liminary studies showed that the wall motion in such 
segments tended to be more preserved than those with- 
out redistribution after reinjection.*°*° These data indi- 
cate that the reinjection thallium-201 imaging may ac- 
curately show very mild redistribution that indicates re- 
versible ischemia but were not identified by the delayed 
imaging. In addition, the recent preliminary studies in- 
dicate that the segments showing new redistribution 
have persistent metabolic activity on positron tomogra- 
phy.27.28 

Our previous data indicated the importance of seg- 
ments showing very mild or “minimal” redistribution 
which usually contained metabolically viable myocardi- 
um.2? However, the presence of such trivial redistribu- 
tion may not be confident by the routine thallium-201 
imaging. In this respect, the reinjection thallium-201 
imaging may help clarify the presence or absence of 
such redistribution in the hypoperfused areas using 
higher quality images with more count density than the 
3-hour or late delayed images. The entire study may be 
completed within 4 hours on the same day, which is 
feasible to perform, particularly in outpatients. The 

_ total administration dose (140 MBq) seems to be ac- 
ceptable. 
-. Mechanisms of new redistribution after reinjection: 
7 Thallium-201 distribution after reinjection may closely 
-represent resting perfusion and delayed distribution af- 
_ ter exercise. Blood et al’ compared the delayed images 
“and resting images to describe the tendency of larger 
perfusion defects on the former. Our previous data also 
indicated that 2 separate injections of the perfusion 
- agent (n = 13, ammonia) during stress and resting iden- 
tified reversible ischemia more often than the single in- 
a jection of thallium-201.'53° Thus, it may take longer 
_ than 3 to 4 hours to reach the equilibrium of thallium- 
in the potassium pool in the viable tissue after exer- 
In this respect, the reinjection or late redistribution 
aging will help reach this. spline to show new 
tribution more s often. 9 1a ae 







































areas without set oni f f myocardial infarction 
The reinjection of thallium-201 increases. plasma col 
centration of the tracer, which may facilitate redistrib 
tion in the ischemic myocardium. 

Clinical implications: Our results suggest that small 
dose of thallium-201 reinjection after delayed imaging — 
identified new redistribution in 70 to 80% of the revers- 
ible ischemic segments where redistribution was unde- 
tected by the routine stress and delayed imaging. Thus, Pe 
the reinjection imaging appears to be a useful noninva- 
sive means for accurate prediction of reversible ischemic 
myocardium, which is likely to improve in regional 
function after CABG, particularly when the routine 
thallium-201 imaging shows persistent defects. 
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Preservation of Left Ventricular Periornanes 





with Reduced Ischemic Dysfunction. 


by Intravenous Nisoldipine 


Brian P. Kimball, MD, K. Randal Watson, MD, Sanh-Bui, BSc, and David Frankel, PhD 


The effect of intravenous nisoldipine on cardiac 


performance was examined during pacing-induced 
ischemia in 14 patients with coronary artery dis- 
ease. The relative contributions of afterload reduc- 
tion or prevention af myocardial ischemia were as- 
sessed using load-independent global (peak-systolic 
pressure/end-systoic volume) and regional (peak- 
systolic pressure/end-systolic radial length) “‘con- 
tractile” indexes. Nisaldipine decreased aortic 
pressure (predrug, 109 + 14 vs postdrug, 88 + 13 
mm Hg, p <0.01) and prevented elevation of left 
ventricular end-dia3tolic pressure during rapid atri- 
al pacing (predrug, 7.9 + 5.7 vs postdrug, —0.5 + 
4.9 mm Hg, p <0.001). Resting cardiac index (pre- 
drug, 3.3 + 0.6 vs postdrug, 4.2 + 0.7 liters/min/ 
m2, p <0.05), and lefi ventricular ejection fraction 
(predrug, 68.1.+ £.0 vs postdrug, 74.2 + 9.4%, p 
<0.05) increased zfter nisoldipine, which also pre- 
vented the deterioration in left ventricular ejection 
fraction (predrug, —8.1 + 7.9 vs postdrug, — 1.0 + 
3.7%, p <0.05) ard fractional radial shortening 
(predrug, —8.7 + 13.1 vs postdrug, 3.7 + 16.4%, 
p <0.01) during repid atrial pacing. Under these 
conditions, nisoldipine preserved myocardial func- 
tion, as determined by global peak-systolic pres- 
sure/end-systolic volume (predrug, —0.82 + 0.39 
vs postdrug, 0.17 + 1.54 mm Hg/mi, p <0.05) and 
regional (peak-systolic pressure/end-systolic radial 
length, predrug, —23.8 + 36.1 vs postdrug, 12.7 + 
36.3 mm Hg/cm, > <0.01) “contractile” indexes. 
Intravenous nisolcipine maintains ventricular per- _ 
formance during tapid atrial pacing via a combina- 
tion of systemic vasodilation and amelioration of 
ischemic myocardial dysfunction. 

‘Am J Cardiol 1990;66:400-405) 
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derivative with proven eificacy in controlling 
angina pectoris.'? This ester-substituted analog 
of nifedipine has high vascular selectivity,’ while exhib- 
iting minimal negative inotropic properties.* Nisoldipine 
is noted to decrease systemic vascular resistance, thus 
increasing resting left ventricular stroke volume, ejec- 


PN irai is a second-generation dihydropyridine 


tion fraction and systemic cardia> output, yet little in- - 


formation is availabe under ischemic conditions in man. 


This study evaluates the effect of intravenous nisoldi- - 


pine on resting cardiac performance and the preserva- 
tion of left ventricular ejection parameters during pac- 


ing-induced, angina pectoris.-® Since cardiac per-. 


formance is a function of both ventricular afterload 
(systolic wall stress} and intrinsic myocardial contractil- 
ity, we calculated load-independent global (peak-systol- 
ic pressure/end-systolic volume) and regional (peak-sys- 
tolic pressure/end-systolic radial length) “contractile” 
indexes to assess the severity of ischemic dysfunction. ’~? 


METHODS 

Subject population: We studied 14 patients (13 
men, 1 woman) wizh a mean age of 55 years (range 41 
to 72), presenting for diagnostic coronary arteriography. 
Each participant showed mild to moderate (Canadian 
Cardiovascular Study class I to III/IV) stable exer- 


_ tional angina pectoris, with objective evidence of myo- 


cardial ischemia via standard exercise testing or thalli- 
um scintigraphy. Before the study, all patients were re- 
ceiving some form of antianginal therapy (nitrates [4], 
8 blockers [11], calcium antagonists [11]}), while 7 of 14 
(50%) had remote myocardial infarctions. The extent/ 
severity of coronazy stenoses vzried (stenotic diameter 


a 


<1:0 mm, “normal” [1], 1-vessel disease [2], 2-vessel . 


disease [6] and 3-vessel disease [5]); as did ventricular 
function (left ventzicular ejection fraction >60% [4], 40 
to 59% [6], <40% [4]). Exclusion criteria consisted of 
unstable angina, recent myocardial infarction (<3 


months), congestive heart failure or severe left.ventricu- . 


lar dysfunction (e‘ection fraction <30%), significant ar- 
rhythmias, peripheral vascular disease, renal insufficien- 
cy (creatinine >150 mmol/liter), dihydropyridine intol- 
erance or absence of informed consent. The study 
protocol was approved by the Human Subjects Review 
Committee (Toronto General Hospital) and the Health 
Protection Branch, Department of Health and Welfare, 


- Ottawa, Ontario, Canada. 


Procedures: EEART CATHETERIZATION/ANGIOGRAPHY: 
All subjects were studied in a postabsorptive state, with 
antianginal medications withkeld for 24 hours. Pre- 
medication consisted of diazepam (10 mg) while no par- 


ticipant received atropine sulfate or sublingual nitro- 
glycerin within 2 hours of the study. Instrumentation 
was performed via the femoral route under local anes- 
thesia (2% lidocaine). A Cordis 8Fr “pigtail” catheter 
was positioned in the left ventricle for end-diastolic 


pressure measurement and standardized contrast ven- 


triculography. Left ventricular end-diastolic pressure 
was consistently recorded by “instantaneously” lowering 
the pacing rate to baseline (80 beats/min) values. 
Quantitative ventriculography was performed in a 30- 
degree right anterior oblique projection at 30 frames per 
second, using 45 ml (15 ml/s X 3 s) of a nonionic con- 
trast media (iohexol 350). A 6Fr Kifa endhole catheter 
was advanced to the ascending aorta for assessment of 
systemic pressure. A 6Fr biopolar pacing catheter was 
placed at the right atrial-superior venacaval junction to 
allow rapid atrial pacing. A 7Fr balloon flotation 
(Swan-Ganz) thermodilution catheter was positioned in 


FIGURE 1. Cardiac index (cardiac output/ 
body surface area) during experimental 
protocol (individual values and group 
means). NS = not significant. 


Cardiac Index 
(L/min/m?) 


FIGURE 2. Left ventricular end-diastolic 
pressure during experimental protoco! (in- 
dividual values and group means). LVEDP 
= feft ventricular end-diastolic pressure; 
NS = not significant. 
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the pulmonary artery for pressure measurement and de- 
termination of cardiac output (in triplicate). 

PROTOCOL: Baseline pacing was initiated at 80 beats/ 
min; a value exceeding the intrinsic sinus rate by 210 
beats/min, with all measurements recorded (baseline). 
The heart rate was accelerated (10 beats/min, every 3 
minutes) until mild to moderate (subjective scale 3 to 
5/10) “typical” angina was experienced. While chest 
discomfort was reported, all measurements were repeat- 
ed (pacing,). Atrial pacing was discontinued and a he- 
modynamic stabilization period (10 minutes) was ob- 
served. While rigorous light protection was maintained, 
intravenous nisoldipine was initially given as a bolus (30 
seconds) injection (1.0 ng/kg), followed by a continuous 
infusion (0.5 ug/kg/min, X 5 min), for a total dose 
equal to 3.5 ug/kg. Baseline atrial pacing was recom- 
menced (80 beats/min), with all measurements repeat- 
ed (baseline). The same maximal heart rate was at- 


Pacing, Baseline, Pacing, 
(Pre-Nisoldipine) (Post-Nisoldipine) 


——— 


Pacing, Baseline, 
(Pre-Nisoldipine) 


. Pacing 
(Post-Nisoldipine) 
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tained after an identizal pacing protocol, with all mea- 
surements repeatec (pacing). After protocol 
completion, multi-angulated (cranial/caudal) coroaary 
arteriography was pe formed in a routine fashion. 

Analysis: QUANTITATIVE VENTRICULOGRAPHY: Ventric- 
ulograms were analyzed in a consistent fashion by a sin- 
gle observer. Calibreted diastolic and systolic frames 
were identified from optimally opacified cardiac cycles, 
while specifically avc.ding ventricular ectopic beats. A 
Vanguard-television camera system was used to project 
the images directly onto an image processing computer 
(Kontron Cardio-20(). Absolute ventricular volumes 
were calculated (mocified Simpson’s rule) using man- 
ually defined endocardial borders. Regional wall motion 
analysis (48 radians) ised a floating “center of contrac- 
tion,” with the calcu-ation of fractional radial shorten- 
ing and absolute end-systolic radial length. Myocardial 
“contractility” was a-sessed using global (peak-systolic 
pressure/end-systolic volume) and regional (peak-sys- 
tolic pressure/end-sy:tolic radial length) indexes.” 

Statistics: Indivicual values with means and stan- 
dard deviations are presented. Clinically, relevant zom- 
parisons were performed between “baseline” values (B2 
— B,) and during intial rapid atrial pacing (P; ~ Bj). 
Nisoldipine’s effect >n ischemic ventricular function 
was measured by co:nparing the differences during an 
identical pacing protccol before and after drug adminis- 
tration [(P; — Bi) — (P2 — B»)]. All comparisons used 
analysis of variance (ANOVA), while statistical signifi- 
cance was defined ag a p value <0.05. 
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RESULTS 

Clinical: The protocol was well tolerated, although 
mild generalized “flushing” was noted by 3 subjects. 
Atrial fibrillation developed in 1 subject, with resultant 
moderate angina pectoris. Otherwise, precordial dis- 


‘comfort was highly predictable during atrial pacing. 


Mild to moderate precordial discomfort was initially 
elicited in all subjects, although only 6 of 14 (43%) re- 
experienced chest pain after intravenous nisoldipine. 
Hemodynamics: During rapid atrial pacing, mean 
aortic pressure increased (prepacirg, 109 + 14 vs post- 
pacing, 116 + 17 mm Hg, p <0.05), predominantly sec- 
ondary to an increase in diastolic pressure (prepacing, 
89 + 9 vs postpacing, 100 + 14 mm Hg, p <0.05). 
Intravenous nisoldipine produced a moderate decrease 
in mean arterial pressure (predrug, 109 + 14 vs post- 
drug, 88 + 13 mm Hg, p <0.01), with a decrease in 
double product (maximum heart rate X systolic blood 
pressure) during atrial pacing (predrug, 19,188 + 240 
vs postdrug, 16,236 + 152, p <0.01). Pulmonary artery 
pressure was unchanged during angina pectoris (pre- 
pacing, 17 + 3 vs postpacing, 19 + 5 mm Hg, differ- 
ence not significant) but was slighzly increased after ni- 
soldipine (predrug, 17 + 3 vs postdrug, 22 + 6 mm Hg, 
p <0.01). Figure 1 shows changes in cardiac index dur- 
ing atrial pacing, before and after the nisoldipine infu- 
sion. Atrial pacing failed to alter cardiac index (prepac- 
ing, 3.3 + 0.6 vs postpacing, 3.5 + 0.6 liters/min/m, 
difference not significant), althouzh cardiac index was 
substantially increased after nisoldipine (predrug, 3.3 + 


FIGURE 3. Changes in left ventricular 
ejection fraction during rapid atrial pacing, 
before and after nisoldipine (individual val- 
ues ard group means), 
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0.6 vs postdrug, 4.2 + 0.7 liters/min/m?, p <0.01). 
These changes can be attributed to a decrease in sys- 
temic vascular resistance (predrug, 1,464 + 431 vs post- 
drug, 906 + 205 dynes s cm~°, p <0.01), with no differ- 
ence in pulmonary vascular resistance (predrug, 215 + 
71 vs postdrug, 220 + 96 dynes s cm~°, difference not 
significant). Figure 2 shows left ventricular end-diastol- 
ic pressure during the protocol. Left ventricular end-dia- 
stolic pressure was increased by rapid atrial pacing (pre- 
pacing, 13.9 + 5.2 vs postpacing, 21.8 + 8.6 mm Hg, p 
<0.01), although these changes were completely abol- 
ished by nisoldipine (prepacing, 19.5 + 7.3 vs postpac- 
ing, 19.0 + 9.9 mm Hg, difference not significant). 
Ventricular performance: Calculated left ventricular 
end-diastolic volume failed to change significantly dur- 
ing rapid atrial pacing (prepacing, 125 + 32 vs postpac- 
ing, 126 + 38 ml, difference not significant), with a 
trend to increased diastolic volumes after nisoldipine 
(predrug, 125 + 32 vs postdrug, 140 + 41 ml, p <0.1). 
During rapid atrial pacing, left ventricular end-systolic 
volume increased (prepacing, 40 + 16 vs postpacing, 50 
+ 26 ml, p <0.05), although these changes were largely 
prevented by nisoldipine (predrug, 12.7 + 13.1 vs post- 
drug, 3.2 + 11.5 ml, p <0.05). Nisoldipine significantly 
improved resting left ventricular ejection fraction (pre- 
drug, 68 + 9 vs postdrug, 74 + 9%, p <0.05). Figure 3 
shows changes in left ventricular ejection fraction dur- 
ing rapid atrial pacing, before and after nisoldipine. 
This medication markedly blunted the deterioration in 
cardiac index (predrug, —8.1 + 7.9 vs postdrug, —1.0 + 
3.7%, p <0.01) caused by atrial pacing. Figure 4 shows 
changes in regional wall motion during the experimen- 
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FIGURE 4. Changes in fractional radial 
shortening during rapid atrial pacing, be- 
fore and after nisoldipine (individual values 
and group means). — 
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tal protocol. Fractional radial shortening decreased dur- 
ing rapid pacing, while this deterioration was prevented 
by nisoldipine (predrug, —8.7 + 13.1 vs postdrug, 3.7 + 
16.4%, p <0.01). Absolute end-systolic radial length in- 
creased during rapid atrial pacing (inferior, 1.50 + 0,29 
to 1.54 + 0.37 cm, difference not significant, and ante- 
rior, 0.90 + 0.35 to 1.01 + 0.42 cm, p <0.05), while 
nisoldipine prevented these changes (inferior, 1.44 + 
0.34 to 1.35 + 0.31 cm, difference not significant, and 
anterior, 0.90 + 0.54 to 0.80 + 0.32 cm, p <0.05). 

Myocardial contractility: Figure 5 shows changes in 
the global left ventricular “contractile” index, as the 
peak-systolic pressure/end-systolic volume, during rapid 
atrial pacing. Appreciable deterioration in myocardial 
contractility was noted, but was completely eliminated 
by nisoldipine (predrug, —0.82 + 0.39 vs postdrug, 0.17 
+ 1.54 mm Hg/ml, p <0.05). Figure 6 shows regional 
“contractile” function, as the ratio of peak-systolic pres- 
sure/end-systolic radial length before and after intrave- 
nous nisoldipine. Nisoldipine prevented the previously 
observed decrease in segmental ventricular function 
(predrug, —23.8 + 36.1 vs postdrug, 12.7 + 36.3 mm 
Hg/cm, p <0.01) during atrial pacing. 


DISCUSSION 

Resting hemedynamics: Nisoldipine’s effects on sys- 
temic hemodynamics and resting left ventricular func- 
tion are relatively well characterized. Duncker!” de- 
scribed tachycardia (+70%), decreased aortic pressure 
(—21%) with increased cardiac output (+67%) in pigs 
after oral nisoldipine (10 mg). Nienaber’! compared the 
acute hemodynamic response to nisoldipine and nifedi- 
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FIGURE 5. Changes in global ventricular 
“contractile Index,” peak-systolic pres- 
sure/end-systolic volume (APSP/ESV), 
during rapid atrial pacing before and after 
nisoldipine (individual values and group 
means). 
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FIGURE 6. Changes in regional ventricular 
“contractile index,” peak-systolic pres- 
sure/end-systolic radial length (APSP/ 
SRL), during rapid atrial pacing, before 
and after nisoldipine (individual values and 
group means). 
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pine in a crossover trial after myocardial infarction. 
They observed a significant increase in left ventricular 
stroke volume, ejection fraction and cardiac index, while 
noting a decrease in pulmonary capillary wedge pres- 
sure. These findings were independently confirmed by 
Soward!? and are in accordance with this investigation. 
In addition to the effect of nisoldipine on systolic func- 
tion (ejection fraction, peak ejection rate), Otto!’ ob- 
served improved diastolic ventricular function, as deter- 
mined by peak-filling rate (+0.52 end-diastolic volume/ 
s) in patients with coronary artery disease. 

Exercise performance: Before nisoldipine infusion, a 
marked increase in left ventricular end-diastolic pres- 
sure was observed during rapid atrial pacing and, in the 
context of obstructive coronary disease, is compatible 
with ischemic ventricular dysfunction. Nisoldipine 
largely prevented these changes, while maintaining 
global and regional left ventricular systolic function, as 
determined by angiographic left ventricular ejection 
fraction, stroke volume and fractional radial shortening. 
Crean!* studied oral nisoldipine’s (20 mg) effect during 
standard exercise testing in patients with coronary ar- 
tery disease. These investigators observed a significant 
decrease in systemic pressure, increased exercise dura- 
tion, and a prolongation in time to ischemia (electrocar- 
diographic criteria). Dymond et al:* evaluated the influ- 
ence of oral nisoldipine (10 mg) oa exercise ventricular 
function by radionuclide angiography. An increased ex- 
ercise duration was noted, with the elimination of exer- 
cise-induced regional wall motion abnormalities at iden- 
tical workloads. Using a nonimaging nuclear probe, 
Silke!® confirmed these results after intravenous nisoldi- 
pine and concluded that nisoldipine improved both rest- 
ing and exercise cardiac performance. 

Potential mechanisms: Based on sequential analysis 
of global and regional load-independent “contractile” 
indexes, the amelioration of myocardial ischemic dys- 
function is partially responsible for the maintenance of 
cardiac performance during rapid atrial pacing. A num- 
‘ ber of potential mechanisms may be operational. Myo- 
cardial oxygen demand could be decreased by alter- 
ations in left ventricular systolic wall stress (afterload), 
or nisoldipine may exert a more potent negative inotro- 
pic influence under these conditions than previously de- 
scribed. Only limited information is available regarding 
changes in myocardial oxygen consumption after nisol- 
dipine. Soward et al!’ failed to observe any significant 
change in myocardial oxygen consumption because de- 
creased aortic pressure was precisely counter-balanced 
by an increase in heart rate. Rousseau!® confirmed 
these findings during cold pressor testing, but also noted 
improved regional aerobic metabolism, as determined 
by C!4-lactate extraction ratios. Alternatively, nisoldi- 
pine could eliminate myocardial ischemia by increasing 
coronary blood flow via vasodilation of distal resistance 
vessels, Serruys!? showed a substantial (21%) increase 


in coronary. blood flow after intravenous nisoldipine, 
while Duncker” suggested preferential distribution to 
the subepicardial layers. These observations were inde- 
pendently confirmed by Soward!” during rapid coronary 
sinus pacing and Rousseau’ after cold pressor testing. 
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Usefulness of Semiquantitative Analysis 
of Dipyridamole-Thallium-201 Redistribution 
for Improving Risk Stratification 
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Tir othy E. Guiney, MD, H. William Strauss, MD, anc Kim A. Eagle, MD 


Preoperative dipyridamole—thallium-201 scaaning 


is sensitive in idextifying patients prone to ischemic 
cardiac complicat ons after vascular surgery, but 
most patients wit redistribution do not have an 
event after surge-y. Therefore, its positive predic- 
tive value is limited. To determine which patients 
with thallium redstribution are at highest risk, 
dipyridamole—thallium-201 images were interpret- 
ed semiquantitatwely. Sixty-two consecutive pa- 
tients with redist-ibution on preoperative dipyrida- 
mole—thallium-2@1 planar imaging studies were 
identified. Each fallium scan was then analyzed in- 
dependently by < observers for the number ef myo- 
cardial segmente out of 15, the number of thallium 
views out of 3 ard the number of coronary artery 
territories with redistribution. Seventeen patients 
(27%) had postcperative ischemic events, including 
unstable angina 2ectoris, ischemic pulmonary ede- 
ma, myocardial infarction and cardiac death. Thalli- 
um predictors of ischemic operative complications 
included thailiun: redistribution =4 myocardial seg- 
ments (p = 0.03, 2.2 of the 3 planar views [p = 
0.005) and 22 eoronary territories (p = 0.007). No 
patient with redzstribution in only 1 view had an 
ischemic event () of 15). Thus, determining the ex- 
tent of redistribation by dipyridamole—thalliim-201 
scanning impro*es risk stratification before vascu- 
lar surgery. Patents with greater numbers of myo- 
cardial segments and greater numbers of ceronary 
territories showing thallium-201 redistribution are 
at higher risk fer ischemic cardiac complications. in 
contrast, when :he extent of thallium redistribution 
is limited, there is a lower risk despite the presence 
of redistributior.. 

(Am J Cardiol 1990;66:496-410) 
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senting for vascular surgery and is unsuspected 

in many because of the sedentary lifestyle en- 
forced by arterial insufficiency. As a result, vascular 
surgery has been associated with a relatively high rate 
of ischemic card:ac complications.'* Dipyridamole- 
thallium-201 imaging, a pharmacologic, nonexercise 
stress test, has ben shown to be sensitive in assessing 
operative risk, but only a minority of patients with re- 
distribution will have events.’-? The clinical problem, 
then, is management of the patient with a positive pre- 
operative scan. 

One approach to this problem has been to add infor- 
mation based on clinical variables.!°!! In contrast, we 
hypothesized that risk stratification based on the extent 
of thallium-201 -edistribution might be possible. We 
now report a simple semiquantitative approach to the 
interpretation of preoperative dipyridamole-thallium- 
201 images that increase the accuracy of the test in de- 
tecting patients t risk for ischemic cardiac complica- 
tions of vascular surgery. 


(sane artzry disease is common in patients pre- 


METHODS 

Patient identification: Patients were identified retro- 
spectively from the records of our cardiac nuclear labo- 
ratory where they had been studied from May 1983 un- 
til February 19&7. The original group of 200 patients : 
has been reported previously.!! Any patient whose sur- 
gery was postponed on the basis of the thallium study 
was excluded. Of the 200 original patients, 82 had re- 
distribution. Of these, all 62 whose thallium images 
were available fcr repeat analysis form the basis for this 
report. No patient had left bundle branch block or ven- 
tricular pacing. The 62 patients reported here were sim- 
ilar to the large> group previously reported, both clini- 
cally and in the.r perioperative cardiac event rates (17 
of 62 or 27% vs 25 of 82 or 30%). Only 5 events (4%) 
occurred in the 118 patients without redistribution. 

The patients are listed in Table I. Surgical proce- 
dures included aorio-femoral bypass grafting in 23 pa- 
tients, peripherel vascular repair in 23 and abdominal 
aortic aneurysir. resection in 16. 

Dipyridamoke-thallium-201 testing: Dipyridamole- 
thallium-201 imaging was performed using a standard 
protocol.’!! Brizfly, each patient was given 0.56 mg/kg 
of intravenous dipyridamole ‘Boehringer-Ingelheim, in- 
vestigative exemption number 19,728) over 4 minutes, 
followed by 2 to 3 mCi of thallium-201 at 10 minutes 


TABLE I Clinical Characteristics of the Study Group 


Total 
n= 62 


Event-Free Event 
n=45 n=1/7 


Raw(%) Raw(%) 


Raw (%) 


p Value 


6749 
45 (73) 
22 (35) 
11 (18) 
3 (5) 
15 (24) 
40 (65) 


67 +10 
31 (69) 
14 (64) 
10(91) 
3 (100) 
9 (60) 


6949 

14(31) 
8 (36) 
1 (9) 
00) 
6 (40) 

11 (28) 


Age (yrs) 

Male sex 

Angina pectoris 

Myocardial infarction 

Heart failure 

Diabetes mellitus 

Systemic hypertension 29 (73) 

Total 73% 
Systemic hypertension defined as present in patients so diagnosed by their regular 


physician. 
NS = not significant. 





and imaging at 14 to 16 minutes. Fifty to 100 mg of 
aminophylline was administered by vein after the first 
image. The tests were supervised by a cardiologist who 
assessed for symptoms, blood pressure, heart rate and 
electrocardiographic changes. Ischemic electrocardio- 
graphic changes were defined as =1 mm of horizontal 
or downsloping ST-segment shift in =2 adjacent leads 
where baseline abnormalities did not preclude interpre- 
tation. Initial planar thallium-201 imaging was per- 
formed in 3 standard views (anterior, left anterior 
oblique and lateral). Delayed images were obtained af- 
ter an average of 3 hours. Patients were not restricted 


Anterior 


Left Anterior Oblique 


Lateral 





FIGURE 1. Myocardial segments for thallium-201 redistribu- 
tion in 3 standard views. Coronary assignments are shown. 
Apical segments in each view are not assigned to any coro- 
nary distribution. LAD = left anterior descending coronary ar- 
tery; LCx = left circumflex coronary artery; RCA = right coro- 
nary artery. 


with respect to eating or activity in between initial and 
delayed imaging. 

Thallium studies were scored on a semiquantitative 
scale by consensus of 2 experienced observers (JRL and 
KAE) blinded to patients’ outcomes. Each standard 
view was divided into 5 segments and each segment was 
scored independently as the following: normal; uninter- 
pretable; persistent defect with no residual thallium; 
persistent defect with residual thallium; partial redistri- 
bution; and complete redistribution (Figure 1). Seg- 
ments with persistent defects were subdivided in view of 
recent studies suggesting that they may reflect ischemic 
myocardium in some cases.!2.13 

Each myocardial segment was also assigned to a cor- 
onary territory, except for apical segments where the 
high variability of coronary supply precludes certainty. 
Other segments were assigned as follows: anterolateral, 
septal and anterior segments: left anterior descending 
coronary artery; posterolateral segment: left circumflex 
coronary artery; inferior and inferoposterior segments: 
right coronary artery (Figure 1). 

Thallium-201 images were also scored for reversible 
or persistent left ventricular dilation and for abnormal 
lung uptake of thallium-201 defined as previously re- 
ported.!415 

Postoperative cardiac events: Hospital records were 
reviewed without knowledge of thallium results or clini- 
cal risk factors. Ischemic cardiac events were defined as 
follows: unstable angina; =2 episodes of ischemic elec- 
trocardiographic changes with cardiac symptoms or 
signs and with subsequent resolution; ischemic pulmo- 
nary edema; acute or subacute pulmonary congestion 
with ischemic electrocardiographic changes; myocardial 
infarction; peri- and postoperative electrocardiographic 
and/or clinical evidence of infarction with typical cardi- 
ac enzymes; and cardiac death (sudden death or death 
directly attributable to myocardial infarction or conges- 
tive heart failure). 

Data analysis: Clinical and thallium imaging vari- 
ables were examined for association with any 1 or more 
of the 4 ischemic events listed before. Chi-square and 
Fisher’s exact tests were used for dichotomous variables 
and Student’s t tests were used for continuous variables. 
Variables associated with outcome that had a p value 
0.1 were selected for multivariate analysis using step- 
wise logistic regression (BMDP Statistical Software). 
Differences were considered significant when p values 
were <0.05. 


RESULTS 

Overall surgical outcome: Forty-five patients had no 
complications (73%; group I). The other 17 patients 
(27%) had complications, including cardiac death in 4, 
myocardial infarction in 6, ischemic pulmonary edema 
in 4 and unstable angina pectoris in 11 (group II). The 
clinical findings are listed in Table I while specific car- 
diac events are listed in Table II. Outcome correlated 
neither with preoperative clinical markers (Table I) nor 
with the operative procedure performed. 

Dipyridamole—thallium-201 test results: The thalli- 
um findings in groups I and II are listed in Table HI. 
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Normal 
Normal 
increased 
Normal 
Normal 
Normal 
increased 
Normal 
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increased 


LV 
Dilatior 
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Reversible 
Reversible 
Reversible 
Fixed 
Reversible 
Abseni 
Reversible 
Fixed 


Segments Views Territories 


with RD with RD with PD Outcome 


IPE/MI 
A/IPE/MI 


Normal Fixed 

increased Absert 
increased Fixed 

Normal Absent 
Normal Absent 
Increased Absent 
Normal Absent 
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D = death; IPE = ischemic pulmonary edema; LV = left ventricular; MI = myocardial infarction; RD = redistribution; UA = uns-able angina. 


TABLE III Results of Dipyridamole-Thallium Testing 


Total Event-Free Event 

n=62 n=45 n=17 p Value p Value 
Fisher Multiple 
Univariate Regression 


Raw (%) Raw (%) Raw (%) 


Chest pain with test 19 (31) 12 (63) 
Ischemic ECG with test 12(19) 8 (67) 
Fixed LV dilation 13 (21) 8 (62) 
Reversible LV dila-ion 13 (21) 7 (541 
Increased lung up:ake 11 (18) 5 (45) 
<3 segmerts with RD 25 (40) 22 (88) 
>4 segments witk RD 37 (60) 23 (62) 
1 view with RD 15 (24) 15 (100) 
2 views with RD 22 (35) 14 (64) 
3 views with RD 25 (40) 16 (64) 
1 coronary zone ‘vith RD 32 (52) 28 (88) 
2 coronary zones with RD 23 (37) 15 (65) 
3 coronary zones with RD 7(1i1) 2 (29) 
Total 73% 


ECG = electrocardiogram; Lv = left ventricie; NS = not significant; RD = redistribution of thallium. 





Dipyridamole provoked chest pain in 19 patients and in the second and myocardial infarction in the third, 
ischemic electrocardiographic changes in 12 patients. with no deaths. Interpretation of thallium images based 
These findings dd not discriminate group I from group on 3 instead of 5 segments per image or on a 3-point 
II patients. Sim‘larly, neither fixed nor reversible left instead of a 5-point scale for perfusion did not change 
ventricular dilation was associated with cardiac compli- the association between extent of redistribution and car- 
cations. Increased lung uptake of thallium was noted in diac events. 
11. patients (18%), of whom 5 (45%) were in group I Of 47 patients with redistribution in 2 or 3 views, 17 
and 6 (55%) were in group II. This difference was not (36%) had grouz II outcomes compared with none of 15 
significant. Similarly, there was no association between patients with redistribution in 1 view (p = 0.005). Of 30 
either total perfusion defects or persistent defects and patients with redistribution in 2 or 3 coronary territo- 
outcome. ries, 13 (43%) had group II outcomes, compared with 
In contrast, the extent of thallium redistribution, only 4 of 32 patients (13%) with redistribution in a sin- 
whether assessed as the number of views, number of gle territory (p = 0.007). Cardiac events in the 4 pa- 
segments or number of coronary territories, was related tients with redistribution in only a single coronary terri- 
to outcome (Teble III). Of 37 patients wita 24 seg- tory were limited to ischemic pulmonary edema in 3 
ments showing redistribution, 14 (38%) had events, patients and unstable angina in the fourth (Table II). 
compared with only 3 of 25 patients (12%) with <3 Predictive accuracy: Multiple stepwise logistic re- 
such segments {p = 0.03). Cardiac events ir. the 3 pa- gression analysis of the univariate clinical and scanning 
tients with <3 segments with redistribution were limit- predictors identified thallium redistribution in >1 view 
ed to ischemic pulmonary edema in 1, unsteble angina (p <0.001) as the strongest predictor of perioperative 
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cardiac events. After accounting for multiple views with 
redistribution, only redistribution in >1 coronary terri- 
tory remained significant (p = 0.015). Accordingly, in 
these 62 patients with redistribution, there were 17 car- 


` diac events, including 7 patients with myocardial infarc- 


tion and/or death. A modified analysis requiring redis- 
tribution in 2 views would have identified a high-risk 
subset of 47 patients and would have missed no patient 
with an ischemic complication. An interpretation re- 
quiring redistribution in >1 view and >1 coronary zone 


would have identified only 35 patients and missed 5 pa-: 


tients with complications, including 4 with unstable an- 
gina pectoris and 1 with ischemic pulmonary edema, 
but would have missed no patient with myocardial in- 
farction or cardiac death. 


DISCUSSION 

We have applied a simple semiquantitative scor- 
ing scheme to preoperative dipyridamole-thallium-201 
scans. Each scan was assessed for lung uptake of thalli- 
um, left ventricular dilation and regional perfusion on 
a semiquantitative scale. Segments with redistribution 
were also assigned to likely coronary territories. Our 
scoring scheme was easy to use and required no special 
equipment. 

Through the application of this scheme, we have 
shown that the predictive value of thallium imaging can 
be improved by analyzing not just for redistribution, but 
for the number of segments, views and coronary territo- 
ries with redistribution. Patients with redistribution in 
<3 segments were much less likely than patients with 
24 such segments to suffer a perioperative cardiac 
event (12 vs 38%). Patients with redistribution in only 1 
view were much less likely than patients with 2 or 3 
such views to have an event (0 vs 36%). In fact, no pa- 
tient with redistribution in a single view had any cardiac 
complication of vascular surgery. Finally, patients with 
thallium redistribution in only 1 coronary territory were 
less likely than patients with redistribution in 2 or 3 


' territories to have a perioperative cardiac event (13 vs 


43%). These observations are similar to studies which 
showed that a single segment with redistribution had 
limited prognostic value and to recent work in which the 
extent of dipyridamole-induced thallium redistribution 
was correlated with operative outcome in noncardiac 
surgery.>!6!7 The study of Lette et al,!? which was sim- 
ilar in intent to our own, used a more complex algo- 
rithm to create indexes of thallium abnormality. Also, 
their patients were characterized by a much higher risk, 
with perioperative cardiac death or myocardial infarc- 
tion in 9 of 21 (42%) patients with redistribution, com- 
pared with only 7 of 62 (11%) in our patients.!7 
There are 2 possible explanations for the associations 
we have shown between extent of thallium redistribu- 
tion and outcome after vascular surgery. One is that 
patients with more redistribution might be less likely to 
have an artifactually abnormal scan. There are many 
technical artifacts to which dipyridamole-thallium-201 
imaging is prone.! Image attenuation from breast or 
diaphragm may simulate a regional defect. The left ven- 
tricular apex may be normally thin and simulate a fixed 


defect. Subtle changes in patient positioring between 
initial and delayed images in a single view ray simulate 
redistribution. By requiring that redistribction be evi- 
dent in 2 views to diagnose an important ʻallium-201 
abnormality, the impact of such artifacts = minimized 
by using what is essentially an internal ccntrol for re- 
producibility. 

Alternatively, patients with more rc=ilistribution 
might have a greater ischemic burden. Whiz we cannot 
discriminate clearly between these possibilizes, a delib- 
erate effort was made not to call defects wita even a low 
probability of being artifactually abnormal. We suspect, 
therefore, that the correlation between extcnt of redis- 
tribution and surgical complications reflect. a measure 
of increased myocardium at risk or more vere coro- 
nary disease. Further credence to this in-erpretation 
comes by analogy from studies in which cstant isch- 
emia has been shown to relate to prognosis after myo- 
cardial infarction, whether such ischemia & measured 
by coronary angiography,!? electrocardiog-aphy,”° or 
thallium-201 redistribution.2! Our data are also analo- 
gous to exercise thallium studies in which extent of re- 
distribution correlated with prognosis.!4!6!8=2 

One limitation of our study is that the orizinal thalli- 
um interpretation was available to physic=ns before 
surgery. This knowledge would presumably zave led to 
greater caution in patients with redistributicn, decreas- 
ing the number of complications in such pat-ents. Also, 
we did not use tomographic analysis, as such equipment 
was not available. Computer quantitative aralysis was 
not used, primarily because its utility in dip-~idamole- 
thalltum-201 scanning has not been shown «early. Fi- 
nally, a wall motion analysis was not availab= and as a 
result the left ventricular ejection fraction vas not as- 
sessed in this study. 
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Management of Complications Associated with a 


First-Generation Endocardial Defibrillation 
Lead System for Implantable 
-Cardioverter-Defibrillators . 
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Ann Marie Mauro, MSN, and Denise Kunecz, BSN 


An autematic cardioverter-defibrillator could be im- 


planted using an endocardial defibrillation lead sys- 
tem (consisting of a tripolar defibrillation electrode 
catheter in conjunction with an epicostal patch elec- 
trode) in 9 of 10 patients with sustained ventricular 
tachycardia or ventricular fibrillation. Six lead sys- 
tem complications were observed during a follow- 
up peried of 51 + 36 weeks. Three catheter elec- 
trode conductor fractures occurred and manifested 
as oversensing and subsequent delivery of inappro- 
priate shocks (1 patient), inability to defibrillate 
during electrophysiologic testing 3 months after 
implant (1 patient) and sudden cardiac death (1 pa- 
tient). Asymptomatic patch electrode conductor 
fractures were detected on a routine chest roent- 
genogram in 2 patients. Endocardial defibrillation 
threshold testing performed at the time of implan- 
tation resulted in malfunction of a previously im- 
planted permanent pacemaker pulse generator in 1 


patient. Catheter and patch electrode replacement — 


procedures were performed in 3 consenting pa- 
tients under local anesthesia. Endocardial defibril- 
lation thresholds after lead replacement were com- 
parable to those obtained at time of initial implant. 
Serial clinical, roentgenographic and electrophysio- 
logic evaluation should be included in follow-up pro- 
cedures for endocardial defibrillation lead systems. 
Monitoring for deleterious effects of endocardial 
defibrillation threshold testing on previously im- 


planted pacemaker systems should be performed at. 


the time sf implant and during follow-up. Improved 
lead designs are necessary for long-term use of en- 


docardial defibrillation electrodes, but replacement | 


procedures are feasible without thoracotomy. 


(Am J Cardiol 1990;66:411-—415) 
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lator has been approved for use since 1985 in 

the treatment of drug-refractory sustained ven- 
tricular tachycardia /ventricular fibrillation and in survi- 
vors of sudden cardiac death who have a significant risk 
of recurrence. In uncontrolled studies, long-term ar- 
rhythmic mortality in patients with implantable cardio- 
verter-defibrillators is greatly diminished.!-3 However, 
device and lead system insertion is associated with sig- 
nificant morbidity and mortality,’ largely related to a 
thoracotomy that is required for placement of 1 or more 
epicardial electrodes. This greatly decreases patient and 
physician acceptance of this therapy and also limits its 
usefulness in patients who are poor surgical candidates 
or who have had prior or anticipate possible future tho- 


T: automatic implantable cardioverter-defibril- 


.racic surgical procedures. Endocardial defibrillation 


lead systems are currently under investigation. Implan- 
tation of a cardioverter-defibrillator with such a lead 
system and successful defibrillation was reported in’ 
1988.5 We attempted implant of this endocardial defi- 
brillation lead system in conjunction with a cardio- 
verter-defibrillator without thoracotomy in 10 patients 
with ventricular tachycardia/ventricular fibrillation. 
We have observed 4 number of lead system complica- 
tions both at the time of implant and during follow-up. 
In this report we examine the clinical presentation, di- 
agnosis and management of complications of this endo- 
cardial defibrillation lead system. 


METHODS 

We used a tripolar endocardial cardioversion-defi- 
brillation electrode catheter (Endotak®-C, Cardiac 
Pacemakers, Inc. [CPI]) in conjunction with a subcuta- 
neous implantable patch electrode (Endotak-SQ, CPI) 
and an automatic implantable cardioverter-defibrillator 
(Ventak® AICD, CPI). The electrode catheter has dual 


' spring defibrillation electrodes and a distal tip sensing 


electrode incorporated into a silicone rubber, tined-tip 
catheter. Cardioversion-defibrillation is accomplished 
through the 2 spring electrodes, which are separated by 


‘a length of silicone rubber insulation. The spring elec- 


trodes are platinum-coated titanium ribbons coiled into 
a helix around the body of the catheter. The distance 
from the catheter tip to the proximal spring electrode is 
variable (10 to 16 cm) and allows for correct positioning 
of the 2 defibrillation electrodes in patients with differ- 
ent cardiac chamber dimensions. Rate-sensing electro- 
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TABLE I Clinical Chavacteristics of Patients Who Underrvent ImpEantation of Endocardial Lead System 


Age yrs) 


Patient No. & Sex Diagnosis LVEF (%) 


VT-S, CAD 

VT-S, CAD, CABG 
VT-S, CAD, CABG 
VT-S, CAD 
VT-CAD, CABG 
VT-S, CAD 

VT-S, CAD, CABG 
SCD, CAD, CABG 
VT-S, CAD, CABG 
10 VIS, CAD, CABG 


Oo con A Nh WHE 


Follow-Up 
Discharge Meds (weeks) 


0 

PA 

Q 

Mexiletine 
Amiodarone 
Quinidine 
Metoprold 

PA 

PA, propranolol — 


implant Date Surgeon 


3/2/87 1 
3/24/88 3 
4/15/88 1 
4/15/88 2 
6/30/88 3 
7/8/88 2 
7/20/88 3 
10/17/88 3 
10/21/88 3 
11/7/88 3 


Abbreviations: CABG = statu post coronary artery bypass graft; CAD = coronary artery “isease: LVEF = lett ventricular ejection fraction; Meds = medications; PA = procainamide; 


SCD = survivor of sudden carciiac death: VT-S = sustained ventricular tachycardia. 


cardiograms are obtained from a porous; platinum-iridi- 
um tip electrode positioned in the right ventricular apex 
and the distal sprins electrode. The conductor wires are 
helical drawn brazed strand wires wound in a spiral coil. 
The lead body con-ains separate lumina for each of 3 
sensing and shockiag conductor wires as well as for a 
stylet used during impiantation. Each conductor wire is 
welded to a titanium connector pin protruding from the 
proximal end of the electrode catheter. The patch elec- 
trode consists of a platinum-iridium wire mesh leminat- 
ed between 2 Dacron-reinforced silicone rubber sheets. 
The connector wire is also a double helical drawn 
brazed strand coil contained in a silicori rubber catheter 
body. 

We implanted the patch electrode in an epicestal po- 
sition over the left thoracic wall and used it in conjunc- 
tion with the Endotak-C lead.’ The patch and the 2 
spring electrodes constitutes a tripolar electrode system 
and may be used :o deliver either unidirectioné! or bi- 
directional shocks. 


bh Bf ae? = 
Sida: a H = 


FIGURE 1. Endocardial lead fr fracture. ‘The chest Dnne 
gram shows the triple electrode endocardial cardioversion-de- 
fibrillation lead which is inserted via the left subclavian vein. 
The proximal spring electrode can be seen as a thichening of 
the lead at the level of the right atrium-superior vena cava 
junction. The distal_spring electrode is located in the right ver- 
tricle. The shadow bf the submuscular patch electrode can be 
seen at the left edge of the thoracic wall. A connecter coil 
fracture is present n the lead at the point beneath tke clavicle 
where it enters the-subclavian vein (arrow). The lead appears 
to be bent proxima. to this fracture. 
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Ten patients underwent attempted implantation of 
the endocardial system in conjunction with an implanta- 
ble cardioverter-defibrillator at our institution. Clinical 
characteristics of these patients are listed in Table I. All 
patients had either spontaneous ventricular tachycar- 
dia/ventricular fibrillation or were survivors of sudden 
cardiac death. There were 9 men and 1 woman, mean 
age 65 + 7 years (range 51 to 72). All patients had 
coronary artery disease and 7 patients had undergone 
previous coronary artery bypass surgery. Mean left ven- 
tricular ejection fraction was 36 = 10%. Each patient 
had undergone baseline electrophysiologie testing. All 
patients were either refractory to medical therapy as 
demonstrated by serial drug testing, or drug efficacy 
could not be assessed because of non-inducibility at 
baseline. Patients undergoing seria: drug testing failed a 
mean of 5 antiarrhythmic drugs ‘range 2 to 8). Lead 
system implantation was performed under general anes- 
thesia (9 patients) or local anesthesia with intermittent 
sodium pentobarbital general anesthesia for defibrilla- 
tion threshold testing (1 patient). The endocardial elec- 
trode catheter was inserted into the left subclavian vein 
through a 12Fr peel-away introducer sheath and posi- 
tioned such that the tined tip was wedged into the right 
ventricular apex. Proper selection of catheter size al- 
lowed the distal spring electrode to be located within the 
right ventricular cavity and the proximal spring elec- 
trode to be located at the juncticn of the right atrium 
and the superior vena cava. The body of the lead was 
secured with non-absorbable sutuze material to the pec- 
toralis fascia and tunnelled along the left thoracic wall 
to a subcutaneous pocket in the left upper quadrant, 
where the pulse generator would be positioned. Various 
dual and triple electrode configurations were then ran- 
domly tested for endocardial defibrillation threshold. 

_ A temporary cutaneous patch electrode (R2®, Darox 
Corp.) was used to map various chest wall positions to 
determine optimal patch position, yielding the lowest 
defibrillation threshold. A triple electrode configuration 
was used and consisted of the distal spring electrode 
serving as the cathode and the proximal spring electrode 
connected to the cutaneous patch electrode serving as 
dual anodes. The dual anodes were connected using a 
Y-connector (Endotak-Y Model 6834, CPI). Once opti- 
mal patch position was determined, the subcutaneous 
patch electrode was implanted 2picostally at this site. 





This patch electrode was connected to the Y-connector 
in place of the previously tested cutaneous patch elec- 
- trode and the defibrillation threshold was rechecked us- 
ing the implanted lead system. An implantable cardio- 
verter-defibrillator pulse generator was then connected 
to the leads and tested for proper functioning. Proper 
function of the implanted cardioverter-defibrillator sys- 
tem was determined by documenting successful termi- 
nation of induced ventricular fibrillation with the first 
shock from the pulse generator on 2 successive induc- 
tions. This was documented at the time of implant and 
before discharge. Patients were followed monthly after 
discharge and routine electrophysiologic evaluation and 
cardioverter-defibrillator system testing was performed 
9 to 15 (mean 12) weeks after implant. 


RESULTS 

Six complications related to the endocardial lead 
system have been observed over a follow-up period 
ranging from 0 to 21.5 months. These complications in- 
volved the endocardial cardioversion-defibrillation elec- 
trode catheter (3 patients), the subcutaneous patch elec- 
trode (2 patients) and a previously inserted permanent 
pacemaker pulse generator (1 patient). The permanent 
pacemaker interaction occurred at implant and the re- 
mainder occurred 10 to 46 weeks after implant. Postop- 
erative endocardial lead system complications presented 
as sudden death (1 patient), multiple inappropriate defi- 
brillator discharges (1 patient), failure to defibrillate at 
the time of follow-up electrophysiologic examination (1 
patient), or were detected on radiolcgic examination be- 
fore symptoms (2 patients). 

Endocardial electrode catheter complications: 
Three patients had catheter electrode complications. Pa- 
tient 9 presented with sudden death 11 weeks after im- 
plantation. In additional to the cardioverter-defibrilla- 
tor, he had a permanent Astra T6 pacemaker (CPI) 
inserted at the time of defibrillator implant. The active- 
fixation pacemaker lead was positioned at the right ven- 

‘tricular outflow tract to minimize interaction between 








pacemaker and defibrillator leads. Electrophysiologic 
testing at implant and before discharge demonstrated 
normal functioning of both devices. This patient experi- 
enced “static electric shock” sensations 11 weeks after 
implant, and contacted his primary physician. He ex- 
pired the same night before evaluation by his physician. 
A postmortem chest radiograph showed coil fracture 
just internal to the site of entry into the subclavian vein. 
Postmortem examination of the endocardial electrode 
catheter revealed a focal area of charring of the con- 
necting wire coils inside of the catheter body up to 2 or 
3 cm inside the subclavian vein entry site. Microscopic 
examination suggested fusion of the coils. Pulse genera- 
tor interrogation revealed that 38 device discharges 
were delivered since his previous evaluation. Either inef- 
fectual shock delivery in response to ventricular tachy- 
cardia/ventricular fibrillation or inappropriate shocks 
initiating ventricular tachycardia/ventricular fibrillation 
were considered responsible for the “sudden” death. 

Patient 3 experienced multiple inappropriate shocks 
after the strenuous use of his left arm. Pulse generator 
interrogation confirmed that 7 shocks were delivered. 
Application of a magnet to the pulse generator resulted 
in the emanation of erratic audio tones that were not 
synchronous with the QRS complex. A chest x-ray re- 
vealed marked lead redundancy with fracture of the en- 
docardial electrode catheter at the subclavian vein entry 
site (Figure 1). Lead discontinuity was documented by 
recording signals from the rate-sensing electrodes of the 
endocardial lead. The endocardial lead was successfully 
removed and replaced under local anesthesia. 

The cardioverter-defibrillator failed to defibrillate 
induced ventricular fibrillation in patient 8 during a 
routine 3-month follow-up electrophysiologic study. The 
patient had been asymptomatic and had not experi- 
enced defibrillator discharges after implant. Chest x-ray 
revealed retraction of the endocardial lead by approxi- 
mately 5 cm with a stretched appearance of the conduc- 
tor in the superior vena cava. Unipolar recordings from 
the proximal spring electrode documented an open cir- 
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FIGURE 2. Patch electrode fracture. The photograph reveals a patch electrode that was explanted from Patient 2. Discontinuity 
of the connector coil can be seen approximately 1 cm from the junction of the patch and the body of the lead after application of 


slight traction (arrow). 
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cuit with no measurable signal and lead impedance near 
infinity. Thus, failur> to defibrillate was related to the 
delivery of a unidirectional shock rather than a bidirec- 
tional shock. Attempts to remove the endocardia_ lead 
were unsuccessful and the patient opted to receive amio- 
darone. 

Subcutaneous patch electrode complications: Two 
patch electrode complications were observed. These 
were coil fractures detected on routine chest x-ray in 
patients 2 and 6. They were detected at 46 and 30 
weeks after implant respectively. One fracture was po- 
sitioned at the junction of the body of the lead and the 
patch, and the other fracture occurred 2 cm proximal to 
the patch-lead body junction (Figure 2). Unipolar re- 
cordings documented an open circuit in both cases (Fig- 
ure 3). In both cases the patch was successfully removed 
and replaced under local anesthesia. 

Complications related to defibriliator-pacemaker 
interaction: Irreversible malfunction of an implanted 
cardiac pacemaker pulse generator occurred durmg im- 
plant of an endocardial lead system (1 patient). An Ac- 
tivitrax® pacemaker (Medtronic, Inc.) was previously 
implanted along wich a bipolar endocardial lead :ocated 
at the right ventricnlar apex. The endocardial defibrilla- 
tion electrode catheter was also positioned at the apex 1 
to 2 cm from the pacemaker lead. At the time of defi- 
brillation threshold testing, both endocardial and trans- 
thoracic direct current shocks were delivered. Subse- 
quently, the pacemaker pulse generator failed to emit 
output pulses in respanse to asystole and after applica- 
tion of a magnet. Temporary transvenous pacing was 
emergently instituted and the damaged pulse generator 
was explanted. Ths pacemaker pulse generator was im- 
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mediately replaced and the pacemaker lead was reposi- 
tioned several centimeters from the endocardial! defibril- 
lation lead. 


DISCUSSION 

We report 6 complizations of endocardial defibrilla- 
tion lead systems. Five of these involve lead system fail- 
ure and 1 could represent an endocardial lead system/ 
permanent pacemaker system interaction. Though the 
presentation of post-implant endocardial lead system 
failure varied in our series, it can be classified into 3 
categories: (1) oversensing resulting in inappropriate 
shocks, (2) failure of cardioversion-defibrillation (inef- 
fective shocks) and (3) “asymptomatic” lead fractures. 
A lead fracture can be asymptomatic in sinus rhythm if 
it does not involve the rate-sensing electrodes but can 
result in ineffective defibrillation. An open circuit in 
rate-sensing electrodes results in undersensing of ven- 
tricular tachycardia/ventricular fibrillation while inter- 
mittent noise-sensing may lead to inappropriate shocks. 

Sudden death in patient 9 may be due to an inappro- 
priate shock that induced ventricular fibrillation, an in- 
effective shock (the defibrillator actually registered 38 
delivered shocks), or ooth. All lead system failures ap- 
peared to be related to connector coil disruption with 
fracture or arcing, or both, between the coils due to in- 
sulator breakdown. In other patients we have noted pro- 
gressive stretching of the conductor coil with increasing 
lead redundancy along the left thorax. Similar compli- 
cations are less common with epicardial lead systems 
and a total incidence of 0.9% has been reported.® Endo- 
cardial defibrillator lead conductors have more potential 
stress sites since the lead body courses through the sub- 
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FIGURE 3. Electraphysiologic recording of signal discontinuity in a patch electrode fracture. Surface electrocardiographic leads 
l, aVF and V; and a unipolar recording from the patch electrede are simultaneously recorded along with a bipolar recording 
from a multielectre de catheter placed at the apex of the righi ventricle. Gentle traction was applied to the lead body as it 
emerged from the open defibrillator pocket (arrow). Instantaneous loss of the signal and large-amplitude noise can be seen, 
demonstrating intermittent discontinuity of the patch electrode conductor coil. mV = millivolts (recorded from the patch elec- 


trode); RVA = right ventricular apex. 
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cutaneous tissues along the left chest wall and must 
withstand the stress of physical activity. The drawn 
brazed strand double helical coil conductor wire design 
used in this lead system may be unsuitable for this pur- 
pose. Also, the large diameter of the endocardial lead 
may be subjected to excessive pressure in the subclavian 
vein due to space limitations between the clavicle and 
the first rib. Thus, large size, multi-electrode catheters 
may be undesirable for single site insertion via the sub- 
clavian vein. While similar complications have been re- 
ported for dual chamber pacing lead systems, these are 
infrequent and use of separate entry sites may reduce 
this risk.” Separate lead bodies can decrease insulation 
breakdown and arcing in a single catheter. 

Because of their varied clinical presentation and be- 
cause asymptomatic lead system failures can occur, pe- 


- riodic evaluation of lead system integrity is mandatory. 


Such evaluation should include a detailed history of 
events and symptoms as well as examination of magnet 
audiotones for a nonprogrammable cardioverter-defi- 
brillator. Lead system failure should be suspected if a 
history of sudden change in pattern of defibrillator dis- 
charges is elicited. This includes frequent single dis- 
charges in a short time period or multiple discharges 
during a single event in a patient with previously accept- 
able defibrillation thresholds. Routine posteroanterior 
and lateral chest roentgenograms are necessary to de- 
tect asymptomatic connector coil fractures. Electro- 
physiologic study should be performed to document the 
proper function of the system. Indeed, electrophysiolog- 
ic studies may be a necessary part of routine follow-up 
to detect lead system failures that may pass unnoticed 
on x-ray examination. 

It is unclear whether the endccardial shock or the 
transthoracic rescue shock used during defibrillation 
threshold testing in patient 4 was responsible for pace- 
maker pulse generator damage. External and internal 
defibrillation can cause pacemaker dysfunction. Until 
implantable defibrillators with demand bradycardia 
pacing become more widely available, interaction be- 
tween permanent pacemakers and endocardial defibril- 
lation shocks will be important. Both lead systems 
should be at disparate locations. Additionally, proper 
pacemaker function and programming should be docu- 
mented after endocardial defibrillation testing and after 
spontaneous defibrillator discharges. Though a large 
number of endocardial defibrillation leads in this report 
subsequently developed failures, replacement of an en- 
docardial lead was accomplished in 1 patient and re- 
placement of the patch electrode was accomplished in 2 
patients. All lead replacements were performed under 
local anesthesia, and the defibrillation threshold of the 
replacement lead system was not significantly different 


from the defibrillation threshold at the time of the origi- 
nal implant. In contrast, replacement or removal of epi- 
cardial lead systems requires extensive, complicated sur- 
gery and general anesthesia. 

Future endocardial defibrillation lead systems 
should give due consideration to potential complica- 
tions. Use of separate atrial and ventricular leads and 
extension leads from the subclavian entry site to the 
pulse generator pocket may simplify lead replacement 
procedures. Also, separate atrial and ventricular leads 
allow for individual atrial and ventricular sensing to im- 
prove specificity of ventricular tachycardia /ventricular 
fibrillation detection and permit dual chamber pacing.® 
Electrocardiogram telemetry and lead impedance mea- 
surements would enable the physician to noninvasively 
evaluate the lead system: integrity before significant 
complications arise.” Alternatives to patch electrodes 
can include wire or catheter electrodes.!° A small cali- 
ber, flexible pacing-defibrillation catheter electrode has 
been described.!° Successful placement and defibrilla- 
tion have been demonstrated with this system. It must 
be emphasized that the complications of individual en- 
docardial defibrillation lead systems can be expected to 
be specific in some instances to each model and each 
future system will need to be evaluated for generic and 
individual problems.!! 
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Characteristic Variation in Evoked 





Potential Amplitude with Changes in 


Pacing Stimulus Strength 


/nne B. Curtis, MD, Fred Vance, MS, and Kim Miller-Shifrin, RN 


The evoked potential, the intracardiac signal gener- 


ated by a pacing stimulus, shows promise as a sen- 
sor for rate-responsive pacing and automatic 
threshold determinations. Thus, it is important to 
understand factorsthat may alter the morphology 
of evoked potential and affect accurate signal 
analysis. Using a computer-based pacing system 
emulator, stimuli a: 2.5, 5.0 and 6.9 V were deliv- 
ered to 12 patients through permanent bipolar pac- 
ing leads. At 2.5 Xy, the evoked potential amplitude 
measured —12.63 + 7.79 mV. When the pacing 
amplitude was increased to 5.0 and 6.9 V, the sig- 
nal diminished in size or reversed in polarity, or 
both, averaging —®.83 + 7.82 mV and 0.64 + 7.0 
mV, respectively (9 <0.01 vs 2.5 V). Pacing at 2.5 
V was performed ‘n an additional 8 patients with 
temporary quadrifolar electrode catheters. With 
the distal pole of the catheter as the cathode and 
the proximal 3 po2s as a common anode, the 
evoked potential averaged —9.01 + 5.44 mV. With 
the proximal 2 powes of the catheter disconnected 
to make the anodc- equal in size and current density 
to the cathode, th- evoked potential diminished to 
~—0.94 + 11.27 n” (p <0.05). There is thus a de- 
crease in the evoked potential at high stimulus am- 
plitudes compares to that obtained at the cathodic 
threshold. This finding can be reproduced by ma- 
nipulation of the size and current density of the an- 
ode, suggesting that anodal stimulation at the ring 
of permanent pacing leads may be responsible. 
{Am J Cardiol 1990;66:416-—422) 
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he evoked potential is the intracardiac electrocar- 

diogram signal generated by a pacing stimulus. 

The ventricular depolarization gradient, the peak 
negative amplitude of the integra! of the evoked poten- 
tial, changes with exercise, changes in heart rate and 
infusion of catecholamines make it useful as a sensor for 
rate-responsive pacing.! Analysis of evoked potentials 
could also be valuable for automatic threshold tracking. 
The basis of automatic threshold tracking is the intro- 
duction of pacing stimuli and analysis of the resultant 
stimulated electrocardiograms, or evoked potentials, for 
capture, noncapture and fusion. Factors that might alter 
the morphology of evoked potentials that are not related 
to alterations in physiologic rate requirements of an in- 
dividual or loss of capture by pacing stimuli are thus 
important and must bz identified. 

We performed cardiac pacing on patients using a 
computer-based pazing system emulator to vary stimu- 
lus voltage and analyze the resultant evoked cardiac sig- 
nals. In the course of this study, we found characteristic 
changes in evoked pctentials at constant pacing rates 
and at stimulus amplitudes well above threshold. Such 
changes are due to increasing stimulus amplitude alone 
and reflect neither loss of capture nor changes in physi- 
ologic status that would change the gradient for rate- 
responsive pacing. We report a systematic investigation 
of this phenomenon during permanent pacemaker im- 
plantations and invasive electrophysiologic studies. 


METHODS 

- Clinical research system: This is a portable comput- 
er-based pacing system emulator consisting of a com- 
puter, co-processor, isolation box, cables and the soft- 
ware to run the system. Changes in software design for 
pacemakers can be tested in patients using the system 
before implantable devices are actually built, making 
multiple design changes easy to accomplish. In this 
study, the computer system was connected to patients 
via sterile cables attached to the proximal ends of bipo- 
lar permanent pacing leads or electrode catheters dur- 
ing pacemaker implantations or electrophysiologic stud- 
ies, respectively. 

A triphasic stimulus waveform consisting of a pre- 
charge, stimulus and postcharge was used for pacing.’ 
Polarization artiZact must be minimized to analyze 
evoked potentials accurately, and this was accomplished 
by optimizing precharge duration. Precharge amplitude 
is a nearly linear function of precharge duration, stimu- 


lus amplitude and lead impedance. For a 500 ohm elec- 
trode and a 3-ms pulse width, the designed precharge 
amplitude is 15% of the stimulus amplitude. Measured 
values are closer to 20%. : 

The optimal precharge duration was set by an auto- 
matic balancing algorithm that separated polarization 
artifact from the stimulated cerdiac depolarization by 
injecting a test stimulus in the refractory period of a 
cardiac event (100 ms after the onset of the R wave). 
The polarization artifact was minimized whenever stim- 


A 


FIGURE 1. A, permanent bipolar pacing 

lead. With a precharge duration of 3,456 

us, polarization artifact is minimized when 

pacing stimuli are introduced during the 

refractory period of sensed beats. Ampli- 

tude = 2.5 V; sensitivity = 13 mV; P = 

paced beat; R = refractory pacing stimu- 

lus; S = sensed beat. The time scale is ex- 

panded throughout this figure to demon- 

strate the small size of the polarization ar- 

tifact more easily. B, a large amplitude 

evoked potential is generated with pacing C 

at 2.5 V. Precharge = 3,456 ys. C, when S 
pacing at 6.885 Y, the polarization arti- 

fact is still minimal with a precharge dura- | 
tion of 3,456 ys. D, at a pacing amplitude 

of 6.885 V, the evoked potential is smaller 

in amplitude and has a positive phase 

only. 


ulus amplitude was changed, except that it was bal- 
anced at 2.5 V and held constant during automatic 
threshold tests when amplitude was varied continuously. 

Overdrive pacing was performed in each patient at a 
rate sufficient to eliminate fusion beats, and this pacing 
rate was held constant throughout the study on any one 
patient. Pacing amplitude was varied and the resultant 
evoked intracardiac signals stored in the computer for 
subsequent analysis. Although several measures of mor- 
phology were calculated on a realtime basis, a simple 
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measure of depolarization morphology, amplitude and 
>olarity easily demonstrated the variation in the evoked 
sotential at pacing amplitudes greater than the cathodic 
threshold. 

Permanent pacemaker implantations: Twelve pa- 
tients undergoing permanent pacemaker implantations 
had bipolar pacing leads advanced to the right ver.tricu- 
lar apex using standard techniques. The threshald for 
pacing was tested with a standard pacing system ana- 
lyzer. After optimal positioning of the lead was accom- 
plished, it was connected to the clinical research system 
and the heart was paced at a rate sufficient to insure 
consistent capture without fusion beats at amplitrdes of 
2.5, 5.0 and 6.9 V sach for 30 seconds, with recording 
of the evoked potentials. At each amplitude, polariza- 
tion artifact was mcnimized with the balancing routine 
before data were collected. Some patients also were 
scanned through multiple stimulus amplitudes with re- 
cording of evoked responses at each amplitude. 

Electrophysiclogic studies: Eight patients were 
studied who were having routine electrophysiologic 
studies for standard indications and who had a quadri- 
polar electrode cateter (Bard Electrophysiology; in the 
right ventricular apex. At the end of the diagnostic elec- 
trophysiology stud, the electrode catheter wes con- 
nected to the pacirg system emulator. Stimulus ampli- 
tude was held constant at 2.5 V and the polarization 
artifact was minim:zed for that voltage. Initially the dis- 
tal pole of the electrode catheter was designated the 
cathode and the proximal 3 poles were connected in 
common as the arode to achieve a large surface area, 
low current density anode. After 30 seconds of overdrive 
pacing, the proximal 2 poles of the electrode catheter 
were disconnected from the system, leaving the second 
pole of the catheter as a small surface area, large cur- 
rent density anode Pacing was continued with adpropri- 
ate recordings. 

Signal analysis: For each recording, the amplitude 
of each evoked potential (in mV) was measured. The 
mean of 8 values from the beginning of each 30 seconds 
of pacing was determined, as the signals were stable and 
including larger rumbers of signals did not affect the 
results. The differznces in the averaged peak signal am- 
plitudes at the various pacing amplitudes for permanent 
pacing leads were analyzed using Freedman’s test. The 
change in peak signal amplitude from a large to a small 
surface area anode with electrode catheters was ana- 
lyzed the same way. A significant difference was de- 
fined as p <0.05. 


RESULTS 

Polarization artifact: That polarization artifact cen 
be effectively m-nimized is shown in Figure 1A, in 
which there is minimal artifact at a 2.5 V pacing ampli- 
tude. Figure 1C shows minimal artifact as well at a 6.9 
V pacing amplitede, and we were able to achieve this 
consistently regardless of the type of pacing lead or tem- 
porary catheter csed. Evoked potentials can thus be an- 
alyzed without being obscured by polarization artifact. 

Permanent pacemakers: The threshold for pacing 
with permanent ‘eacs averaged 0.56 + 0.15 V. The dif- 
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TABLE I Permanent Bipolar Pacing Leads Used 


No. of 
Patients 





Model No. 
030-284 








Company ~ 





Telectronics Pacing Systems 












Cardiac Pacemakers Inc. 4268 1 
Cardiac Pacemakers Inc. 4260 1 
Cardis 329-201 3 
Cordis 321-558 i 





TABLE fl Mean Evoked Potential Amplitude at Different 
Stimulus Amplitudes 


5.0 6.8 
~0.83+78  0.64+7.0 


en NS il 
p <0.01 —————— 


NS = not significant. 


ferent bipolar leads used in the study are listed in Table 
I. In all cases the surface area of the anode exceeded 
that of the cathode by a factor of at least 5 to 1. 

In the 12 patients studied, there was typically a large 
amplitude-evoked potential when pacing at 2.5 V. The 
electrocardiogram averaged —12.6 + 7.8 mV among all 
the patients. When the pacing amplitude was increased 
to 5.0 V, the evoked potential diminished in size and at 
times reversed in polarity, so that the mean signal am- 
plitude was —0.83 + 7.8 mV (p <0.01). On further in- 
crease in the pacing amplitude to 6.9 V, little additional 
change was seen, with the signal amplitude averaging 
0.64 + 7.0 mV (p <0.01 compared to 2.5 V}. These 
results are listed in Table II. A typical example of the 
change in the signal seen is displayed in Figure 1. 

The changes we cbserved occurred between the pac- 
ing amplitudes of 2.5 and 5.0 V, with no additional 
change beyond 5.0 V. To further characterize the phe- 
nomenon and the voltage at which the signal diminished 
in size, recordings were obtained on 2 patients through ~ 
a range of pacing amplitudes. The transition point at 
which the evoked pctential diminished in size could be 
clearly determined, and it occurred at 3.9 and 4.0 V, 
respectively (Figure 2). 

Electrophysiologic studies: If the observed diminu- 
tion in signal size were due to stimulation at the anode 
in addition to cathodic stimulation, then the phenome- 
non should be more apparent with a high current densi- 
ty, low surface area anode than with a low current den- 
sity, high surface area anode. Accordingly, patients with 
quadripolar electrode catheters in the right ventricular 
apex were paced with the tip as the cathode and with 2 
configurations of the anode. With the proximal 3 poles 
of the catheter as a common anode, the evoked potential 
was predominantly negative (Figure 3A), with a mean 
value of —9.0 + 5.4 mV. With the proximal 2 poles of 
the catheter disconnected to make the anode equal in 
size and current density to the cathode, the evoked po- 
tential diminished in size, averaging —0.94 + 11.3 mV, 
as shown in Figure 3B (p <0.05). The threshold for 
pacing with these electrode catheters averaged 0.95 + 
2.9 V. 


2.5 ° 
—-12.6+7.9 
-~p<0.01~ 


Amplitude (volts) 


Evoked Potential, mV 





The potential effect of the diminution in signal size 
with increasing pacing amplitude on automatic thresh- 
old tracking is shown in Figure 4. In Figure 4C, there is 
a large, biphasic evoked potential at a pacing amplitude 


of 0.7 V, the cathodic threshold. In Figure 4D, signal | 


amplitude decreases as pacing amplitude increases to 
1.0 V. The slight beat-to-beat variation in evoked poten- 


3.753V 





tial amplitude during the transition in signal size across 
this tracing may be due to intermittent contact of the 
ring with the endocardium; the change is quicker than 
would ‘be possible with respiratory variation. In Figure 
4E, the signal morphology and amplitude is so different 
from that at the cathodic threshold that it could be in- 
terpreted as noncapture. This diminution in signal size 


3.645V 


FIGURE 2. Evoked potentials were recorded continuously as pacing amplitude was gradually decreased from 5.0 V to the ca- 
thodic threshold. Polarization artifact was minimized with a precharge duration of 3,392 us, which was constant throughout this 


recording. Each panel is discontinuous, but all were recorded through the same sequence of 


pacing. The evoked has a 


small, mainly positive deflection at 5.0 V (A). No change is seen in the evoked potential through 4.077 V (B). At 3.969 V the 
evoked potential develops a predominantly negative deflection with an increase in amplitude (C). The evoked potential remains 
large and biphasic threughout the rest of the threshold determination (D, E). 
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could be avoided by connecting the 3 proximal rings 
together to reduce ancdal current density when using 
quadripolar cathetecs. 


DISCUSSION 

The most impo-tant finding of this study is that 
there is a marked change in the magnitude of the 
evoked potential w-th increasing pacing amplitude in 
permanent bipolar pacing leads. We also found a com- 
parable change in the signal recorded from electrode 
catheters when the current density at the anode was in- 
creased by decreasing zhe anodal surface area, suggest- 
ing the occurrence cf anodal stimulation at the proximal 
electrode at high stimulus amplitudes. These findings 
have important implications for automatic analysis of 
evoked potentials fcr rate-adaptive pacing and threshold 
determinations. Factors that alter evoked potentials 
without reflecting true physiologic changes may lead to 
erroneous signal interpretation. An example is an inter- 
pretation of a smal, nearly isoelectric signal as roncap- 
ture when normal acing is still occurring. 

Anodal stimulation refers to the occurrence o? cardi- 
ac depolarization zt the anode. This has been demon- 
strated in animal s-udies in which a series of electrodes 
attached to the heert allowed recording of the direction 
of cardiac activation to determine if it were unipolar 
cathodal, unipolar anodal or bipolar for a particular 
stimulus strength.+-° Similar recordings have been made 
in humans using s3ecially designed electrode catheters 
to allow recording of activation times near the cathode 
and the anode, again to determine the relative sequence 
of cardiac depolar-zation.’ Anodal stimulation actually 
occurs preferentially over cathodal stimulation during 
the relative refractory period, and it may be associated 
with an increased vulnerability to ventricular fibrilla- 
tion, particularly after myocardial infarction.4°>3-3 

As stimulus amplitude changes, the surface electro- 
cardiographic signal would look the same regardless of 
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whether local activation.in a bipolar system were uni- 
polar cathodal or anodal or bipolar, since the overall 
vector of cardiac depolarization is essentially the same. 
On the other hand, the morpholegy of the sensed intra- 
cardiac signal recorded from the pazing lead could vary 
because of changes in the direction of depolarization de- 
pending on the sensing configuraticn and the source of 
the signal (tip or ring, or both). In our study, large neg- 
ative deflections were recorded with low amplitude 
stimulation consistent with cathodal stimulation with 
the wavefront of cardiac activation spreading away 
from the tip. With higher amplitude stimulation, nearly 
isoelectric deflections were seen, which are consistent 
with cardiac depolarization occurring at both the tip 
and the ring with the wavefronts tending to cancel each 
other out. The threshold for anodal stimulation should 
be higher than for cathodal stimulation both because of 
intrinsic differences in these modes of stimulation and 
because the surface area of the anode is several times 
larger than that of the cathode in permanent pacing 
leads. In addition, apposition of the ring to the myocar- 
dium may not be as good as that of the tip. The contri- 
bution of surface area to this phenomenon is confirmed 
by the results with temporary electrode catheters, in 
that similar marked changes in the evoked intracardiac 
signal were seen when anodal surface area was de- 
creased, enhancing the ability of stimulation of the an- 
ode to cause cardiac depolarization. 

We have examples of diminution of the evoked po- 
tential with pacing amplitudes as low as 1.0 V in tempo- 
rary electrode catheters, while the transition point was 
much higher in permanent pacing leads, typically great- 
er than 3.0 V. This difference is nat surprising given the 
relative differences in anodal current density with the 2 
types of catheters. 

Our observations are important for the development 
of analysis of evoked potentials as a physiologic sensor. 
Automatic threshold determination requires the design 


FIGURE 3. A, evoked potentials recorded 
from a temporary quadripolar electrode 
catheter with the tip electrode as the cath- 
ode and the proximal 3 electrodes as a 
common anode. Pace amplitude = 2.5 V; 
precharge duration = 4,160 us. B, same 
conditions as A, except the proximal 2 
poles of the catheter were disconnected, 
making the ancde equal in size and cur- 
remt density to the cathode. 


s 


FIGURE 4. A, temporary quadripolar elec- 
trode catheter. Pacing stimuli are intro- 
duced during the refractory period of 
sensed beats. Polarization artifact Is mini- 
mized with a precharge duration of 4,256 
rach ranger 2.5 V; P = pacing stimu- 
= sensed beat (there is a marker 
Salis ae cae 
sensed beat): B, at a pacing amplitude of 
1.0 V, the same precharge duration 
(4,256 ys) minimizes on artifact. 
C, pacing is instituted at a cycle length of 
402 ms. At the cathodic threshold, 0.7 V, 
a debe amplitude-evoked potential Is gen- 
erated. Precharge = 4,256 us. D, pacing 
amplitude is increased stepwise from 0.7 
to 1.0 V across this strip. Although cap- 
ture is present on every beat, the evoked 


at 2:5 V because of small signal 
size that was interpreted as noncapture. 
Cycle length = Soe EREE E 
4,256 us. 


of an algorithm in which pacing amplitudes are varied 


automatically and the resultant signals analyzed for- 
capture, noncapture or fusion. At lower pacing ampli- 


tudes, once the “template” for capture has been defined 
by the system, this differentiation should be straightfor- 
ward. However, at higher pacing amplitudes, the reduc- 
tion of signal size as we have seen in this study could be 


misinterpreted as loss of capture, causing a large in- 


crease in pacing amplitude to be delivered by the pace- 
maker a of a falsely determined “increase” in 





pacing threshold. High output pacing would thus result, 
negating the advantages of automatic threshold track- 
ing, which would potentially save generator life by pac- 
ing only enough above the true pacing threshold to 
maintain capture. From the results of this study, we be- 
lieve that automatic threshold tracking can be accom- 
plished reliably up to stimulus amplitudes of 3 V, but it 
would not be valid at outputs much above that. Fortu- 
nately, threshold tracking above 3 V is not necessary. If 
the threshold were greater than 3 V, the stimulus ampli- 
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tude should be at naximum. Alternatively, unipolar 
sensing should eliminate this phenomenon. 
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Effect of Quinidine or Procainamide Versus No 
Antiarrhythmic Drug on Sudden Cardiac Death, 
Total Cardiac Death, and Total Death in Elderly 

Patients with Heart Disease and Complex 





Ventricular Arrhythmias 


Wilbert S. Aronow, MD, Anthony D. Mercando, MD, Stanley Epstein, MD, 
and Itzhak Kronzon, MD . 


A prospective study correlated the effect of quini- 
dine or procainamide versus no antiarrhythmic 
drug on sudden cardiac death, total cardiac death 
and total death in 406 elderly patients with heart 
disease and asymptomatic complex ventricular ar- 
rhythmias detected by 24-hour ambulatory electro- 
cardiograms. Of 397 patients treated with quini- 


dine, 184 (46%) developed adverse effects during - 
the first 2 weeks of therapy and were given no fur- | 


ther antiarrhythmic therapy. Of 9 patients treated 
with procainamide, 2 (22%) developed adverse ef- 
fects during the first 2 weeks of therapy and were 
given no further antiarrhythmic therapy. Adverse 
effects developed during long-term therapy in 6 pa- 
tients (2%) receiving quinidine and in 3 patients 
(33%) receiving procainamide. Mean follow-up was 
24 + 15 months in both groups. Sudden cardiac 
death, total cardiac death.and total death occurred 
in 21, 43 and 65% of patients receiving quinidine 
or procainamide, respectively, and in 23, 44 and 
63% of patients receiving no antiarrhythmic drug, 
respectively (difference not significant). Survival by 
Kaplan-Meier analysis showed no significant differ- 
ence between the 2 groups for sudden cardiac - 
death, total cardiac death or total death through 4 
years, Patients with abnormal left ventricular ejec- 
tion fraction had a 3.4 times higher incidence of 
sudden cardiac death, a 2.4 times higher incidence 
of total cardiac death and a 1.4 times higher inci- 
dence of total death than patients with normal left 


ventricular ejection fraction. These data showed no 


significant difference in sudden cardiac death, total 
cardiac death or total death between patients treat- 
ed with quinidine ‘or procainamide or with no.anti- 
arrhythmic therapy. The presence or absence of 
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antiarrhythmic therapy did not affect the event risk 
regardless of left ventricular ejection fraction 
250% versus <50%, presence versus absence of 
VT, or ischemic versus nonischemic heart disease. 
(Am J Cardiol 1990;66:423--428) 


tion, with paroxysmal ventricular tachycardia 

(VT) or with complex ventricular arrhythmias 
associated with heart disease are at increased risk for 
new cardiac events.!-! VT and complex ventricular ar- 
rhythmias associated with heart disease are independent 
risk factors for death, the mortality rate being highest in 
patients with both abnormal! left ventricular ejection 
fraction and VT or complex ventricular arrhyth- 


P atients with abnormal left ventricular ejection frac- 


.mias.'-!© However, there are no hard data from pro- 


spective, randomized, double-blind clinical trials demon- 
strating that abolition or reduction of VT or complex 
ventricular arrhythmias- by antiarrhythmic drugs will 
reduce cardiac events or mortality.'! In addition, the 
available antiarrhythmic drugs may fail to abolish or 
decrease VT or complex ventricular arrhythmias in the 
individual patient, may occasionally exacerbate ventric- 
ular arrhythmias and may produce toxic effects.!! In 
the present report, we present the results from a pro- 


' spective study correlating the effect of quinidine or pro- 


cainamide versus no antiarrhythmic drug on the inci- © 
dences of sudden cardiac death, total cardiac death and 
total mortality in 406 patients with heart disease, older 


_ than 62 years, with complex ventricular arrhythmias 


and no sustained: VT detected by 24-hour ambulatory 
electrocardiograms. 


METHODS 

In a prospective study, P complex ven- 
tricular arrhythmias without sustained VT detected by 
24-hour ambulatory electrocardiograms i were found in 
406 patients (nonsustained VT in 81 patients) with 
heart diseasé and technically adequate M-mode and 2- 


. dimensional echocardiograms for measuring left ven- 


tricular ejection fraction ina long-term health care fa- 
cility. 

Patients with sustained VT were not included in this 
study. None of the 406 patients was receiving any anti- 
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arrhythmic drug at -he time of the 24-hour ambulato- 
ry electrocardiogrars. The 406 patients included 265 
women and 141 mer, mean age 82 + 7 years (range 62 
to 100). M-mode aad 2-dimensional echocardiograms 
were obtained as pzeviously reported. M-mode echo- 
cardiographic measirements were obtained along the 
true minor axis of tke left ventricle, as confirmed by the 
2-dimensional imag:. If an M-mode tracing cou-d not 
be obtained along “he true minor axis, measurements 
were made directly from the 2-dimensional study. The 
long-axis view was 1sed and checked with a cro3s-sec- 
tional view. Measurements were made from a 2-cimen- 
sional study in 49% of the subjects. The formu‘a!? to 
determine left vent-icular volumes at end-diastole and 
end-systole was as follows: V = (7.0/2.4 + D)D3, where 
V = volume at end diastole or end-systole and D = the 
echocardiographica_ ly measured left ventricular internal 
dimension at end-dastole or end-systole. In selected pa- 
tients with segmertal wall motion abnormalities, left 
ventricular volumes at end-diastole and end-systo!e were 
calculated by planinetry from the 2-dimensional study. 
The left ventrizula ejection fraction was calculated as 
(left ventricular end-diastolic volume — left ventricular 
end-systolic vclum:)/left ventricular end-diastolic vol- 
ume X 100%. A let ventricular ejection fraction <50% 
was considered abrormal.>® 

Ambulatory eEctrocardiographic monitorir.g was 
performed for 24 10urs using portable Avionics model 
445 tape recorders to obtain 2 leads corresponding to a 
modified V, and bs. Tapes were analyzed by a Cardio- 
Data MK 3 compiter system. All rhythm distu-bances 
were written out on electrocardiographic pape: at 25 
mm/s and verifiec by 2 cardiologists. VT was defined 
as at least 3 consecutive ventricular premature complex- 
es. 1.3,6,8-10,13 Complex ventricular arrhythmias included 
VT or paired, muctiform or frequent (230/hour) ven- 
tricular premature complexes.°-!° 

Of the 406 patents, 397 (98%) were initially treated 
with quinidine wih an initial dose of 200 mg 4 times 
daily. Nine patients with a history of intolerance to 
quinidine were intially treated with procainamide 500 
mg 3 to 4 times daily. Quinidine and procainamide 
blood levels were obtained during initiation of therapy 
and every 3 montis during long-term therapy to main- 
tain a quinidine Hood level from 2 to 5 mg/liter and a 
procainamide blo=d- level from 4 to 10 mg/liter. If dur- 
ing the first 2 weeks of therapy the patients d2veloped 
adverse symptons attributable to drug (186 patients), 
the drug was stcpped and no further antiarrhythmic 
drug administered. These 186 patients formed the no 
antiarrhythmic therapy group. If the patients developed 
adverse effects fom drug during long-term therapy (9 
patients), the drug was stopped and no further antiar- 
rhythmic drug g-ven. These patients were included in 
the drug treatment group with follow-up ending at the 
time of drug cessation. 

Patients were: followed for incidences of sudden car- 
diac death, total cardiac death and total death. Mean 
follow-up wes 24 + 15 months (range 1 to 54}. Sudden 
cardiac death was defined as an unexpected cardiac 
death in a patiert with heart disease found dead within 
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TABLE I Incidence of Adverse Effects from Quinidine or 
Procainamide in Elderly Patients 


Procainamide 
(n= 9) 


Quinidine 
(n = 397) 


No. % 


Incidence within 2 weeks 
of therapy 

Incidence during long- 
term therapy 

Total incidence 


* Including thrombocytopenia in 2 patients; vyst lupus erythematosus-like 
syndrome. 


TABLE II Baseline Characteristics of Patients Treated with 
Quinidine or Procainamide and with No Antiarrhythmic Drug 


No Anti- 
arrhythmic 
Drug 


Quinidine or 
Procainarmide 
p Value 


Age (yrs) 

M/F (%) 

Follow-up (mos) 
Ventricular tachycardia (%) 
Abnormal LVEF (%) 


NS = not significant; LVEF = left ventricular ejection fraction. 





TABLE III Incidences of Sudden Carciac Death, Total 
Cardiac Death and Total Death in Patients with Ischemic 
Heart Disease Treated with Quinidine cr Procainamide and 
with No Antiarrhythmic Drug 


No Anti- 
arrhythmic 
Drug 

(n = 105) 


‘Quinidine or 
Procainamide 


(n = 132) 


Sudden cardiac death 36 27 
Total cardiac death 81 61 
Total death l 96 73 


NS = not significant. 


1 hour of being clinically stable.!4 Patients with fatal 
primary ventricular fibrillation documented by electro- 
cardiogram (14 receiving antiazrhythmic drug and 9 re- 
ceiving no antiarrhythmic drug) were classified as hav- 
ing sudden cardiac death. Total cardiac death included 
deaths due to sudden cardiac death, fatal myocardial 
infarction or congestive heart failure. Total death in- 
cluded deaths due to any cause. Group comparisons 
were made using the t test for independent means and 
chi-square analysis. Survival analysis was performed 
using the method of Kaplan Macr and Cox-Mantel 
analysis. 





RESULTS 

Table I lists the incidence of adverse effects causing 
cessation of quinidine or procainamide during the first 2 
weeks of therapy, during long-term therapy and the to- 
tal incidence of adverse’ effects. The most common ad- 
verse effects from quinidine were anorexia, nausea, 


TABLE IV incidences of Sudden Cardiac Death, Total 
Cardiac Death and Total Death in Patients with Nonischemic 
Heart Disease Treated with Quinidine or Procainamide and 
with No Antiarrhythmic Drug 


No Anti- 
arrhythmic 
Drug 


Quinidine or 
Procainamide 
(n = 88) 


No. 


Sudden cardiac death 
Total cardiac death 
Total death 


NS = not significant. 


TABLE V incidences of Sudden Cardiac Death, Total Cardiac 
Death and Total Death in Patients Treated with Quinidine or 
Procainamide and with No Antiarrhythmic Drug 


No Anti- 
arrhythmic 
Drug 

(n = 186) 


Quinidine or 
Procainamide 
(n = 220) 


No. % No. % 


Sudden cardiac death 45 21 42 23 
Total cardiac death 95 43 82 44 
Total death 143 65 117 63 


NS = not significant. 


TABLE VI incidences of Sudden Cardiac Death, Total 
Cardiac Death and Total Death in Elderly Patients With 
Nonsustained Ventricular Tachycardia and Complex 
Ventricular Arrhythmias Without Ventricular Tachycardia 


Sudden cardiac death 
Total cardiac death 
Total death 


NS = not significant; VT = ventricular tachycardia. 


vomiting, abdominal pain and diarrhea. Other adverse 
effects from quinidine included rash, headache, fever, 
vertigo, confusion, tinnitus, disturbed vision and in 2 pa- 
tients thrombocytopenia. Adverse effects from procain- 
amide included anorexia, nausea, vomiting, abdominal 
pain, dizziness and in 3 patients a systemic lupus eryth- 
ematosus-like syndrome with arthralgia, fever and in- 
creased titers of antinuclear antibodies. The adverse ef- 
fects from quinidine or procainamide were reversible. 
Table II lists the baseline characteristics of 220 pa- 
tients treated with quinidine or procainamide and of 
186 patients whose antiarrhythmic drug was stopped 
within 2 weeks of initiation (the no antiarrhythmic drug 
group). No significant differences were found between 
the 2 groups. Tables III, IV and Y indicate the inci- 
dences of sudden cardiac death, total cardiac death and 
total death in patients with ischemic heart disease (Ta- 
ble III), nonischemic heart disease (110 with hyperten- 





TABLE VII Baseline Characteristics of Patients with 
Abnormal and Normal LVEF 


Normal 
LVEF 
(n = 278) 


Abnormal 
LVEF 


(n = 128) p Value 


Age (yrs) 

M/F (%) 

Follow-up (mos) 
Ventricular tachycardia (%) 
Antiarrhythmic therapy (%) 


LVEF = left ventricular ejection fraction; NS = not significant. 


TABLE VIII incidences of Sudden Cardiac Death, Total 
Cardiac Death and Total Death in Elderly Patients with 
Abnormal and Normal LVEF 


Norma 
LVEF 
(n = 278) 


Abnormal 
LVEF 
(n = 128) 


No. % No. 


Sudden cardiac death 53 
Total cardiac death 93 
Total death ~ 103 


LVEF = left ventricular ejection fraction. 


TABLE IX Incidences of Sudden Cardiac Death, Total 
Cardiac Death and Total Death in Patients with Abnormal Left 
Ventricular Ejection Fraction Treated with Quinidine or 
Procainamide and Treated with No Antiarrhythmic Drug 


No Anti- 
arrhythmic 
Drug 

(n = 59) 


Quinidine or 
Procainamide 
(n = 69) 


No. No. 


Sudden cardiac death 
Total cardiac death 
Total death 


NS = net significant. 


sion, 54 with valvular heart disease and 5 with cardio- 
myopathy) (Table IV) and in all patients (Table V) 
treated with quinidine or procainamide and treated with 
no antiarrhythmic drug. No significant differences were 
found between the patients treated with quinidine or 
procamamide and treated with no antiarrhythmic drug. 

Table VI lists the incidences of sudden cardiac 
death, total cardiac death and total death in patients 
with nonsustained VT and in patients with complex ven- 
tricular arrhythmias without VT and levels of statistical 
significance. The density of ventricular arrhythmias did 
not predict the occurrence of sudden cardiac death or 
total cardiac death. 

Table VII lists the baseline characteristics of 128 pa- 
tients with abnormal left ventricular ejection fraction 
and of 278 patients with normal left ventricular ejection 
fraction and levels of statistical significance. Table VIII 
indicates the incidences of sudden cardiac death, total 
cardiac death and total death in patients with abnormal 
left ventricular ejection fraction and in patients with 
normal left ventricular ejection fraction and levels of 
statistical significance. 
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TABLE X incidences of Sudden Cardiac Death, Total Cardiac 
Death and Total Death in Patients with Ventricular 
Tachycardia Treated with Quinidine or Procainamide and 
Treated with No Antiarrhythmic Drug 











No Anti- 
Quinidine or arrhythmic 
Procainamide Drug 

{n= 43) 












No. % No. % p Value 









Sudden cardiac death 
Total cardiac death 23 53 21 55 HS | 
Total death 29 67 24 63 NS 


NS = not significant. 


Tables IX, X and XI list the incidences of sudden 
cardiac death, total cardiac death and total death in pa- 
tients with abnormal left ventricular ejection fraction 
alone (Table IX), VT alone (Table X) and VT with 
abnormal left ventricular ejection fraction (Tale XI) 
treated with quinidine or procainamide and treated with 
no antiarrhythmic drug. No significant differences were 
found between patients treated with quinidine or pro- 
cainamide and treated with no antiarrhythmic drug. In 
patients with a left ventricular ejection fraction <40%, 
no significant differences in sudden cardiac death, total 
cardiac death and total death were observed setween 
patients treated with quinidine or procainamide and 
treated with no antiarrhythmic drug. 

Kaplan-Meier survival curves for sudden cardiac 
death (Figure 1), for total cardiac death (Figur2 2) and 
for total death (Fizure 3) are shown for patients treated 
with quinidine or srocainamide and for patients treated 
with no antiarrtythmic drug. Cox-Mantel analysis 
showed no significant differences between tke group 
treated with quinidine or procainamide compared to the 










TABLE XI incidences of Sudden Cardiac Death, Total 
Cardiac Death and Total Death in Patients with Ventricular 
Tachycardia and with Abnormal Left Ventricular Ejection 
Fraction Treated with Quinidine or Procainamide and Treated 
with No Antiarrhythmic Drug 












No Anti- 
Quinidine or arrhythmic 
Procainamide Drug 

(n = 19) (n= 15) 














No. % 


Sudden cardiac death 9 47 
Total cardiac death 16 84 12 80 NS 
Total death 16 84 12 80 NS 


NS = not significant. 




















group treated with no antiarrhvthmic drug for sudden 
cardiac death, total cardiac death or total death. The 
incidence of syncope or near-syncope was also not sig- 
nificantly reduced by quinidine or procainamide. 

A limitation of our study is that follow-up 24-hour 
ambulatory electrocardiograms were obtained in only 
25 of 43 patients (58%) with nonsustained VT while 
receiving quinidine cr procainamide and in only 88 of 
220 patients (40%) with complex ventricular arrhyth- 
mias while receiving quinidine or procainamide. Follow- 
up 24-hour ambulatory electrocardiograms showed that 
nonsustained VT was reduced more than 90% in 21 of 
25 patients (84%) receiving quinidine or procainamide 
and not significantly affected in the other 4 patients 
(16%). The average number of ventricular premature 
complexes/hour was reduced more than 70% in 72 of 
88 patients (82%) receiving quinidine or procainamide 
and not significantly affected in the other 16 patients 
(18%). No significant differences in sudden cardiac 
death, total cardiac death or total death were observed 
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FIGURE 1. Kaplan-Meier survival curves 
for sudden cardiac death in patients treat- 
ed with no antiarrhythmic drug (ID and in 
patients treated with quinidine or procain- 
amide (I). Number of patients in each time 
irlerval as shown in Figure Ill. 


between patients who had satisfactory or unsatisfactory 
suppression of their complex ventricular arrhythmias by 
quinidine or procainamide. 


DISCUSSION 

Many studies have shown thet the mortality rate is 
highest in patients with both abnormal left ventricular 
ejection fraction and VT or complex ventricular ar- 
rhythmias.'"!° Data from this study in elderly patients 
with heart disease and asymptomatic complex ventricu- 
lar arrhythmias showed in patients with abnormal left 
ventricular ejection fraction a 3.4 times higher incidence 
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FIGURE 2. Kaplan-Meier survival curves 


cS 
for total cardiac death in patients treated Pd 60 
with no antiarrhythmic drug (I) and in pa- > 
tients treated with quinidine or procain- kem 
amide (Il). Number of patients in each time = 
interval as shown in Figure Iil. Y 40 
zS 


FIGURE 3. Kaplan-Meier survival curves 
for total death in patients treated with no 
antiarrhythmic drug (I) and in patients 
treated with quinidine or procainamide (Il). 
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of sudden cardiac death, a 2.4 times higher incidence of 
total cardiac death and a 1.4 times higher incidence of 
total death than in patients with normal left ventricular 
ejection fraction. 

Patients with complex ventricular arrhythmias and 
no heart disease have a good prognosis®-!5--? and should 
not be treated with antiarrhythmic drugs. Although pa- 
tients with VT or complex ventricular arrhythmias asso- 
ciated with heart disease are at increased risk for new 
cardiac events,'-!° there are no hard data showing that 
abolition or reduction of VT or complex ventricular 
arrhythmias by antiarrhythmic drugs will decrease car- 
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diac events or moctality.!! Late proarrhythmic effects 
may also occur during long-term antiarrirythmic 
therapy.!® 

The Cardiac A-rhvthmia Suppression Trial showed. 
that both encainid: and flecainide used to treat asymp- 
tomatic or mildly zymptomatic ventricular arrhythmias 
after myocardial infarction caused an increase in ar- 
rhythmic death, nenfatal cardiac arrest and total mor- 
tality in compariscn with placebo.'? This study is still 
evaluating the use 3f moricizine.!? No significant differ- 
ence in mortality vas observed in postinfarction patients 
treated with prccainamide,”® tocainide,2!?? mexile- 
tine,2324 phenytoir?5?5 and aprindine*’ in conrparison: 
with placebo. 

Data from our study showed that elderly >atients 
developed a high incidence of adverse effects from quin- 
idine (48%) or prccainamide (55%) causing cessation of 
therapy. Quinidin= or procainamide did not cause any 
reduction in sudd:-n cardiac death, total cardiac death 
or total death in comparison with no antiarrhythmic 
therapy in our patents with heart disease and complex 


‘ventricular arrhytamias with normal or abnormal left 


ventricular ejectioa fraction. These data raise the ques- 
tion of whether artiarrhythmic drugs should be admin- 
istered to elderly patients with heart disease and asymp- 
tomatic or mildly symptomatic ventricular arrhythmias 
that are not life-t reatening. 

Finally, our deta do not apply to patients with life- 
threatening ventricular arrhythmias. Tresch et 18 have 
shown that antiar_hythmic drugs or cardiac surgery (in- 
cluding automatic defibrillator insertion), or beth, may 
be indicated in ederly patients with refractory symp- 
tomatic ventriculer tachycardia and ventricular fibrilla- 
tion. However, ouz data show no benefit of antiarrhyth- 
mic therapy in mast patients with complex ventricular 
arrhythmias for vhom antiarrhythmic therapy is ad- 
ministered. 
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CONGESTIVE HEART FAILURE 


Congestive Heart Failure: Current Controversies 


and Future Prospects 


Barry M. Massie, MD, and Milton Packer, MD 


jor advance in our understanding of the patho- 

physiology and treatment of congestive heart fail- 
ure. In the 1960s, potent new diuretics revolutionized 
the management of the edematous patient. In the 
1970s, the concept of vasodilator therapy was first intro- 
duced, although it was initially applied with success 
only to intravenous agents. In the 1980s, the orally ac- 
tive converting-enzyme inhibitors were first adminis- 
tered to patients wita chronic heart failure and gained 
widespread acceptance after controlled studies showed 
_ that these drugs not only improved symptoms, but pro- 
be longed life. What challenges remain for the clinician as 

` we enter the 1990s? 

The challenges are indeed enormous. Despite the ad- 
vances of the past 30 years, congestive heart failure is a 
major cause of morbidity and mortality. Heart failure 
afflicts nearly 4 million patients in the United States 
and causes nearly 400,000 deaths each year. It is the 
only cardiovascular disorder that is increasing in preva- 
lence and constitutes the most common cause for hospi- 
talization to medical services in patients >65 years old. 
Despite the use of digitalis, diuretics and the converting- 
enzyme inhibitors, most patients with congestive heart 
failure are destined to suffer considerable disability and 
die from their disease. These epidemiologic observations 
lead to the following conclusion: heart failure remains a 
major public health problem and an important area for 
laboratory and clinical research. 

The following articles summarize the proceedings of 

p meeting, “Congestive Heart Failure: Current Con- 
troversies and Future Prospects,” which was attended 
by over 1,200 physicians and was held in Jerusalem in 
conjunction with the First International Symposium on 
Heart Failure in May 1989. The intent of this program 
was to highlight the most important unresolved issues in 
the field of heart failure and to speculate about future 
developments, both from the perspective of the clinician 

| as well as the investigator in basic research. Some of the 
key controversies in heart failure for the 1990s were 
presented in debate format, primarily as a didactic tool. 
| This approach permitted the audience to listen to both 
| sides of each question, but required the debaters to pre- 

' gent polarized (and often extreme) arguments, which 
meant that they had to occasionally adopt positions that 

they might not assume in their usual practice. The truth 
| and the optimal management of individual patients nec- 


E of the last 3 decades has been witness to a ma- 
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essarily lies between the 2 extreme positions taken on 
each question. 

The first debate concerns the appropriate manage- 
ment of ventricular arrhythmias in patients with chronic 
heart failure. Nearly all patients with this disease have 
frequent and complex ventricular ectopic beats and ex- 
perience nonsustained episodes of ventricular tachycar- 
dia; the latter carries a particularly unfavorable progno- 
sis. Should these ventricular arrhythmias, if asymptom- 
atic, be treated to prevent the subsequent occurrence of 
sudden death? Drs. Anderson and Podrid discuss the 
advantages and disadvantages of antiarrhythmic drug 
therapy in patients with severely impaired ventricular 
function. The question of using antiarrhythmic drugs 
has been the focus of intense debate since the publica- 
tion of the results of the Cardiac Arrhythmia Suppres- 
sion Trial (CAST); the papers highlight the soul search- 
ing experienced by all physicians who treat patients 
with heart failure in the postCAST era. 

The second debate focuses on the usefulness of di- 
rect-acting vasodilators in the treatment of heart fail- 
ure. The most commonly used representatives of this 
class are the organic nitrates, which were the first vaso- 
dilators used for the long-term treatment of chronic 
heart failure over a decade ago. At that time, their use 
was not seriously questioned by the cardiology commu- 
nity. However, doubts about their role have recently 
surfaced with reports of the nearly universal develop- 
ment of nitrate tolerance; such doubts have received 
particular attention in the era marked by the increasing 
acceptance of the use of converting-enzyme inhibitors. 
Can nitrates still be considered effective agents in the 
treatment of heart failure? Drs. Cohn and Packer dis- 
cuss this question and try to resolve the discordant re- 
sults of available studies. 

The final debate centers on the role of converting- 
enzyme inhibitors in patients with early or mild heart 
failure. The articles that follow show that the field is in 
a time of transition from present management practices 
to potential future strategies. Should all patients with 
left ventricular systolic dysfunction be treated with a 
converting-enzyme inhibitor? While the benefit of this 
approach cannot be determined from the available data, 
physicians must often deal with the question of whether 
an effective treatment in the advanced stages of a dis- 
ease may have a role if administered earlier. Dr. Massie 
suggests that these drugs may prevent progression of the 
disease, whereas Dr. Rahimtoola argues that the facts 
do not presently support this approach. 

Finally, 2 perspectives focus on possible future direc- 
tions in heart failure, setting the stage for additional 
controversies in the next decade. Dr. Poole-Wilson pre- 
sents the view of the clinician, summarizing the poten- 
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tial changes that are likely to occur in the preéctical 
management of this disorder. Dr. Katz, on the other 
hand, views the future from the perspective of the basic 
scientist, suggesting that the burgeoning knowledge of 
myocardial biochenzistry and cellular and molecular bi- 
ology will have an important impact on both our under- 
standing and treatment of heart failure. 

This series of articles would not have been possible 
without the support and assistance of many individuals. 
We congratulate Drs. Asher Kimchi and Basil Lewis, 
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who (almost singlehandedly) organized the highly suc- 
cessful Jerusalem meeting. We are grateful to Squibb 
International, which supported the original presentation 
of these papers in Jerusalem. Initially, it was not our 
intent to publish these papers. It was only after the en- 
thusiastic response to the meeting and the encourage- 
ment of Dr. William C. Roberts that we became excited 
about preparing these manuscripts for publication and 
are pleased to see them presented in The American 
Journal of Cardiology. 





Effect of Milrinone on Ventricular Arrhythmias in 
Congestive Heart Failure 


Kevin J. Ferrick, MD, Steven A. Fein, MD, Aileen M. Ferrick, RN, and Joseph T. Doyle, MD 


ilrinone is a nonglycoside, noncatecholamine 
IY ri agent that has been shown to exhibit 

inotropic and vasodilatory effects in patients 
with severe congestive heart failure (CHF).'~* It is a 
bipyridine analog of amrinone that has been shown in 
experimental studies to be significantly more potent 
than the parent compound on a per weight basis. Al- 
though its mechanism of action has not been fully de- 
fined, it has been suggested that enhancement of calci- 
um ion fluxes in the myocardial cell is contributory.’ 
Heart failure secondary to verapamil or propanolol can 
be improved with milrinone and its inotropic effect can 
be detected despite concomitant therapy with either cat- 
echolamine or glycoside agents. The effect of milrinone 
on ventricular arrhythmias has not been completely de- 
fined. Several studies have suggested that ventricular 
arrhythmias can be exacerbated in some patients treat- 
ed with either amrinone® or milrinone.’ Ventricular 
arrhythmias, including complex features such as non- 
sustained ventricular tachycardia (VT), are common in 
patients with CHF and have been implicated in the high 
mortality of the disease.!° We attempted to determine if 
chronic treatment with milrinone effects the prevalence 
and complexity of ventricular arrhythmias in patients 
with CHF. 


METHODS 

Patient selection: The study population consisted of 
29 patients enrolled at our institution as part of a multi- 
center trial investigating the hemodynamic effects of 
milrinone administration. Entry criteria for the study 
included New York Heart Association class II to IV 
CHF that had been stable for 22 weeks, left ventricular 
ejection fraction <40%, age =18 years and either a car- 
diac index of $2.5 1/min/m? or a pulmonary artery 
wedge pressure 215 mm Hg. Patients were excluded 
from enrollment for any of the following reasons: myo- 
cardial infarction within 3 months; unstable angina; 
CHF secondary to valvular disease; renal insufficiency 
(creatinine =3 mg/dl); primary pulmonary or hepatic 
dysfunction; or a history of sustained VT or ventricular 
fibrillation. Self-terminating VT >6 complexes in dura- 
tion on an initial 24-hour ambulatory electrocardio- 
graphic recording was an additional exclusion criterion. 
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The 24 patients who underwent quantitative 24-hour 
ambulatory electrocardiographic recording at baseline 
and after initiation of milrinone therapy during either 
no or unchanged antiarrhythmic therapy are the sub- 
jects of this report. 

Patient characteristics: The patient population con- 
sisted of 24 patients on either no or unaltered antiar- 
rhythmic therapy; 19 were men. Patients were not ex- 
cluded on the basis of arrhythmia frequency. The group 
had a mean age of 61 years (range 41 to 80). Heart 
failure was secondary to coronary artery disease in 17 
patients and idiopathic dilated cardiomyopathy in 7 pa- 
tients. All patients had severe left ventricular dysfunc- 
tion with a mean ejection fraction for the group of 0.21 
(range 0.12 to 39). 

Arrhythmia analysis: Patients underwent quantita- 
tive 24-hour ambulatory electrocardiographic recording 
both before milrinone therapy and after initiation of a 
stable oral milrinone dose. Follow-up ambulatory elec- 
trocardiographic recordings were performed 5 to 21 
days (mean 8.6) after initiation of milrinone therapy; 15 
patients were on no antiarrhythmic agents during either 
the control or follow-up 24-hour ambulatory electrocar- 
diogram, The 9 patients who were taking antiarrhyth- 
mic agents during the premilrinone ambulatory record- 
ing were continued on the same maintenance dose dur- 
ing the follow-up Holter recording. Recordings were 
scanned using a software-based user-interactive system 
either at our institution (Marquette 8000 system) or at 
an independent scanning service (Clinical Data). Re- 
cordings were quantitatively analyzed for total density 


_of ventricular premature complexes (VPCs), number of 


ventricular couplets and number of runs of VT and total 
repetitive ectopy (number of couplets plus number of 
runs). 

Proarrhythmic criteria: Proarrhythmic responses 
were judged by the criteria of Velebit!! and Morgan- 
roth.!* Velebit has proposed that any of the following 
responses constitutes a proarrhythmic effect: a =4-fold 
increase in total VPC density; a =10-fold increase in 
the frequency of repetitive events (couplets and runs of 
nonsustained VT); and the occurrence of not previously 
documented sustained VT. In an attempt to account for 
spontaneous variability in VPC density, Morganroth 
has suggested that the criteria by which proarrhythmia 
is judged should be a function of baseline arrhythmia 
frequency. Specifically, the following responses have 
been suggested: a 2=10-fold increase in VPC density if 
the baseline frequency of ectopy is between 1 to 50 
VPCs per hour; a 25-fold increase for baseline VPC 
densities of 51 to 100 VPCs per hour; a 24-fold in- 
crease for baseline VPC densities of 101 to 300 VPCs 
per hour; and a 23-fold increase in overall VPC density 
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TABLE | Definitions of Pro- and Antiarrhythmic Effect 


Proarrhythmic Effect 
Velebit 
4-fold increase in housy VPC frequency 
10-fold increase in haurly frequency of repetitive forms (couplets 
or VT) 
First occurrence of sistained VT (>60 $) 
Morganroth 
Presence of a new ventricular tachyarrhythmia not related to 
other factors 
Change in a previous! 7 documented ventricular arrhythmia 
Increased VPC frecuency 
Mean Hourly VPC 
Frequency at Bareline 














Increase Required 
tor Proarrhythmia 








I to 50 10x 
51 to 100 5X 
101 to 300 4x 
>301 - 3x 






Marked increase ir rate of VT 
Change in type of ventricular tachyarrhythmia, such as 
nonsustained VT to sustained VT, sustained VT to torsades de 
pointes or VT to /entricular fibrillation 
Marked change in ease of termination of venticular 
tachyarrhythmia 
Antiarrhythmic effect (Pc drid)} 
50% decrease of VPC ~requency 
+ 
90% decrease of coupsets 
+ 
Abolition of ventriculartachycardia 


VPC = ventricular prematu e complex; VT = ventricular tachycardia. 














‘\ 
for baseline ectopy 3f >300 VPCs per hour. Additional 
criteria include a marked increase in rate of VT or a 
change in the type of ventricular tachyarrhythmia such 
as conversion of ncnsustained VT to sustained VT or 
sustained VT to torsades de pointes (Table I). 

Antiarrhythmic criteria: Criteria as defined by Po- 
drid!3 were used to assess any antiarrhythmic effect of 
milrinone administration. Specifically, a 50% decrease 
in total VPC density in concert with a 90% decrzase of 
ventricular couplets and total abolition of VT was felt to 
represent an antiarrhythmic effect (Table I). 

Statistical analysis: Values are expressed as mean + 
standard deviation Analysis of arrhythmia data was 
performed using the Wilcoxon test for nonparametric 
paired data. A p value <0.05 was considered stacistical- 
ly significant. 

Study protocol All patients underwent an initial 
screening consisting of a complete history and physical 
examination, laboratory examinations including com- 
plete blood count, serum chemistries, chest x-ray, rest- 
ing radionuclide left ventriculography and a 24-hour 
quantitative baseline ambulatory electrocardiographic 
recording. Patients meeting all eligibility requirements 
were subsequently admitted to the hospital for hemody- 
namic monitoring during initiation of milrinone thera- 
py. The patient’s milrinone dose was titrated according 
to initial clinical and hemodynamic response and pa- 
tients were discharged to outpatient follow-up on an av- 
erage milrinone dcsage of 7.5 mg (range 7.5 to 10) ev- 
ery 6 hours. A fcllow-up 24-hour ambulatory electro- 
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cardiographic recording was obtained 5 to 21 days 
(mean 8.6) after milrinone therapy was begun. 


RESULTS 

The arithmetic mean VPC density (+ standard devi- 
ation) for the group before milrinone administration 
was 5,222 + 5,328 VPCs/24 hours. All patients mani- 
fested ventricular ectopic activity. In 17 of the 24 pa- 
tients, >100 VPCs per hour on average were noted. 
Ventricular couplets were seen in 23 patients with 10 of 
them exhibiting >10 couplets per hour. VT was seen in 
20 patients and 9 of them exhibited >10 episodes of 
VT. All episodes were self-terminating. Milrinone ad- 
ministration did not affect the proportion of patients ex- 
hibiting VPCs, ventricular couplets and VT. During 
oral milrinone therapy, the mean tctal VPC frequency 
increased to 8,632 + 8,670 (p <0.05). The frequency of 
ventricular couplets increased from a mean of 290 + 
425/24 hours before milrinone therapy to 907 + 1,193 
(p <0.01) during milrinone therapy. Similarly, the fre- 
quency of episodes of VT increased from a baseline 
mean of 13 + 20/24 hours to 130 + 267 (p <0.05). 
Total repetitive forms defined as frequency of ventricu- 
lar couplets plus episodes of VT increased from a mean 
of 303 + 435/24 hours to 1,037 + 1,398 (p <0.01) 
during milrinone therepy (Table ID. 

When specific proarrhythmic criteria were applied 
to individual patients, 8 met proarzhythmic criteria as 
described by Velebit and 7 met the criteria outlined by 
Morganroth et al.!* Of the patients satisfying Velebit 
criteria, 6 met criteria on the basis of total VPC fre- 
quency and 7 met criteria on the basis of increase seen 
in repetitive ectopy. Both criteria were satisfied by 5 
patients. Of the 7 patients meeting Morganroth criteria, 
all were on the basis of increase in total VPC frequency; 
l] patient also met criteria defined ty a marked increase 
in the rate of VT. No patient showed conversion of self- 
terminating VT to sustained VT or sustained VT to tor- 
sades de pointes. 

A single patient met Podrid!? criteria for antiar- 
rhythmic effect, showing a 90% decrease in VPC fre- 
quency and a 100% decrease of repetitive ventricular 
ectopy. 

When left ventricular ejection fraction was com- 
pared in patients with and without a proarrhythmic ef- 
fect, no significant difference was seen between the 2 
groups. Specifically, in the 8 patients satisfying proar- 
rhythmic criteria, the mean left ventricular ejection 
fraction was 0.20 with a range of 0.10 to 0.26. The 
mean left ventricular ejection fraction in the 16 patients 
without evidence of proarrhythmic effect was 0.22 with 
a range of 0.12 to 0.39. 

In response to an arrhythmia exacerbation identified 
at the time of the follow-up, patients either had their 
milrinone dose altered or were begun on antiarrhythmic 
therapy. The effect on survival of a proarrhythmic re- 
sponse was therefore not prospectively studied. Never- 
theless, all patients meeting either Velebit or Morgan- 
roth criteria for proarrhythmia died 41 to 750 days 
(mean 262) after initial enrollment. Sudden death oc- 
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TABLE ll Effect of Milrinone on Mean Ventricular Ectopic Activity 


Ventricular Ectopy (mean /24 hours +: SD) 


Total 
Frequency 


5,222 + 5,328 
8,632 + 8,670* 


* p <0.05; t p<0.01 compared with premilrinone. 
SD = standard deviation; WT = ventricular tachycardia. 


Before milrinone 
During milrinone 





curred in 4 of these patients. Of the remaining 16 pa- 
tients who did not show a proarrhythmic response, 13 
died a mean of 166 days after enrollment. Sudden death 
occurred in 6 of these patients. No patient presented 
with documented sustained VT. 


DISCUSSION 

The recognition that cardioactive medicationscan 
have an adverse effect on cardiac conduction and cardi- 
ac arrhythmias is not new. As early as 1785, William 
Withering!* described several clinical vignettes ac- 
knowledging the potential adverse effects of therapy 
with digitalis. Newer cardiotonic agents have also been 
shown to exert an effect on cardiac arrhythmias. Am- 
rinone has previously been shown to affect cardiac con- 
duction in an animal model.'!>!© A subsequent study by 
Packer® reported that 4 of 31 patients with CHF treat- 
ed with amrinone developed sustained VT and that the 
mortality rate for the treated group was higher than 
historic control subjects. Milrinone, another nonglyco- 
side, noncatecholamine inotropic agent, has also been 
reported to affect conduction and automaticity in ca- 
nine Purkinje fibers.!7 | 

In this investigation, we studied the effect of milrin- 
one on the frequency of ventricular ectopic activity in 
patients with severe CHF. By applying previously re- 
ported, standardized definitions of proarrhythmia, we 
attempted to determine the frequency of proarrhythmia 
in patients treated with milrinone. Several reports have 
attempted to address this issue. Holmes et al’ reported 
that 7 of 20 patients with severe CHF treated with mil- 
rinone showed more frequent or complex ventricular ar- 
rhythmias while taking milrinone. The criteria used in 
this study to assess “arrhythmia deterioration” were dif- 
ferent from either Morganroth or Velebit definitions for 
proarrhythmia. In the Holmes’ study, >10-fold increase 
in VPC frequency or a >10-fold increase in any com- 
plex form (couplets or salvos) was felt to represent ar- 
rhythmia deterioration. The occurrence of >5 episodes 
of any complex form (couplets, salvos, runs of VT) was 
also considered arrhythmia deterioration. Of note, al- 
though 7 of 20 patients met these criteria, there was no 
significant change in VPC density for the. group as a 
whole during milrinone therapy. One patient showed 
improvement in arrhythmia frequency. Anderson et alf 
studied 12 patients with 24-hour ambulatory electrocar- 
diographic monitoring during a constant infusion of in- 


. travenous milrinone in patients wita congestive heart 


failure. Two patients met Velebit criteria for proar- 


Couplets 


290 + 425 
907 + 1,193? 


Repetitives 


13 20 
130+ 2671 


303 + 435 
1,037 + 1,398 


rhythmia and a trend toward an increased frequency of 
VPCs was noted as well as an-increase in the number of 
ventricular couplets and runs of VT. These data corre- 
late well with those of our study in which assessment of 
arrhythmia frequency was obtained during steady-state 
therapy with oral milrinone as opposed to intravenous 
therapy. 

_ The results of a randomized trial comparing milrin- 
one, digoxin and combination therapy in patients with 
moderately severe CHF has recently been reported by 
DiBianco et al.!8 This study, involving 230 patients ran- 
domized to treatment with either milrinone, digoxin, 
milrinone plus digoxin or placebo, showed improved ex- 
ercise tolerance and a decreased frequency of worsening 
CHF in patients treated with milrinone. Arrhythmia 
aggravation as defined by Morganroth was seen in 18% 
of patients treated with milrinone either alone or in 
combination with digoxin. Arrhythmia aggravation us- 
ing Velebit criteria was not assessed. A trend toward an 
increased frequency of ventricular couplets was noted in 
the milrinone-treated group. Although the DiBianco 
study does not report if either the frequency of total 
ventricular ettopy or frequency of VT increased after 
treatment; the trend toward an increase in ventricular 
couplets is supported by our study. Moreover, the per- 
centage of patients meeting Morganroth’s definition for 
proarrhythmia is similar to that of this study (29 vs 
18%). 

This study was not designed as a survival trial and in 
view of the small number of patients studied and the 
variable therapeutic response to arrhythmia exacerba- 
tion, the mortality data are difficult to interpret. It is 
likely that the high mortality for the group as a whole 
can be attributed to the severity of CHF and left ven- 
tricular dysfunction in the patients studied. 
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Vasodilators Have Not Been Shown to 
Be of Value in All Patients with 
Chronic Congestive Heart Failure due 
to Left Ventricular Systolic Dysfunction 


Daniel L. Kulick, MD, and Shahbudin H. Rahimtocla, MB, FRCP 


juncts in the management of patients with con- 

gestive heart failure (CHF).! Recent data sug- 
gesting decreased mortality with the use of these agents 
(see later) has led to the recommendation by some that 
vasodilators should be used in all symptomatic patients 
with CHF.’ It is important, however, to carefully scruti- 
nize the available data in order to avoid reaching con- 
clusions not wholly supported by this data. First, most 
patients in reported series often have long-standing, re- 
sistant CHF and may not reflect patients seen in routine 
Clinical practice. Many of the reported series also con- 
tain patients with varying degrees of severity of CHF; 
whether CHF is classified by subjective clinical parame- 
ters or abjective exercise criteria, the results of clinical 
trials should only be extrapolated to patients who would 
meet entry criteria for such trials. 

In this discussion, we will examine the available data 
from recznt clinical trials and use this data to place the 
role of vasodilator therapy for patients with CHF in 
proper clinical perspective. It will become apparent that 
the available data does not support the routine adminis- 
tration o? vasodilators to all patients with CHF. 

Mortality data: Patients with chronic resistant CHF 
have a high mortality rate, which is directly related to 
the degree of severity of symptoms.** Any therapy that 
might favorably impact on this poor survival rate is of 
major clinical importance. Recently, 2 large clinical tri- 
als have addressed the effect of vasodilators on survival 
in patients with CHF.?>6 

In the Cooperative North Scandinavian Enalapril 
Survival Study (CONSENSUS) trial,’ patients with se- 
vere (class IV) resistant CHF while on digitalis, diu- 
retics anc, in some cases, other vasodilating drugs, re- 
ceived either enalapril or placebo. In this trial, the mor- 
tality decrease observed in the enalapril group provides 
evidence favoring the administration of angiotensin-con- 
verting enzyme (ACE) inhibitors to all paua with 
class IV CHF. 


Viin agents are valuable pharmacologic ad- 
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In the Veterans Administration Heart Failure Tri- 
al,*> patients with resistant class II and II] CHF while 
on digitalis and diuretics were then continued on digital- 
is and diuretics, with the addition of either isosorbide 
dinitrate plus hydralazine, prazosin or placebo. No ben- 
efit was observed with prazosin and this agent will not 
be discussed further. While mortality was decreased in 
the patients receiving the combination of isosorbide di- 
nitrate and hydralazine, these results were only of mar- 
ginal statistical significance, despite the use of multiple, 
complex statistical tests.® 

In the CONSENSUS trial, as listed in Table I, ma- 
jor decreases in mortality were observed in those pa- 
tients receiving enalapril only during the first 6 months 
of therapy, with no additional mortality decrease noted 
during the second 6 months of treatment. Upon careful 
review of the data from this trial, it appears that most of 
the favorable effect of enalapril on survival in fact oc- 
curred during the first 3 months of treatment. Similarly, 
in the Veterans Administration Heart Failure Trial,® 
the mortality decreas2 in patients receiving isosorbide 
dinitrate and hydralazine was most evident only during 
the first 12 months af therapy (Table I). Thus, these 
trials do not provide definitive evidence of continued 
benefit with vasodilator treatment beyond 6 and 12 
months, respectively. 

Why are the survival benefits observed in the Veter- 
ans Administration Heart Failure Trial less impressive 
than those of the CONSENSUS trial? Most important- 
ly, patients with resistant class II and II CHF have a 
much lower baseline mortality than patients with resis- 
tant class IV symptoms (52% annual mortality in the 
CONSENSUS trial),° so significant mortality decrease 
in less ill patients may be more difficult to show. Even 
within the Veterans Administration Heart Failure Trial 
group, patients with class HI symptoms receiving place- 
bo had a higher annual mortality than those with Class 
II symptoms (24.5 versus 12.8%); class III patients had 
a greater decrease in annual mortality with the combi- 
nation of isosorbide dinitrate and hydralazine (de- 
creased from 24.5 to 19.7%) than did the patients with 
class II symptoms (decreased from 12.8 to 9.7%).’ Fi- 
nally, only 55% of patients in the Veterans Administra- 
tion Heart Failure Trial were able to tolerate the initial- 
ly prescribed doses of isosorbide dinitrate and hydrala- 
zine, which may have blunted the mortality decrease 
afforded by this combination of vasodilators.® 
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TABLE I Effects of Vasodilators on Mortality in Patients with 
Resistant Heart Failure 


Mortality 


Digitalis + Digitalis + 
Diuretics Diuretics + 
(%) Vasodilators (%) 


Enalapril—~Class IV’ 
O to 6 months 
6 to 12 months 
O to 12 months 
ISDN-Hyd—~—Class lI—IN6 
Oto 12 months 
12 to 24 months 
24 to 36 months 
36 to 48 months 
0 to 48 months 
12 to 48 months 


TABLE il Findings of the Digoxin-Captopril Multicenter 
Study!® 


No significant differences between digoxin and captopril groups for 
increase in exercise du-aticn (p <0.10) 

Significant increase in lef ventricular ejection fraction only in digoxin 
group (p <0.05) 

Fewer withdrawals from study due to treatment failures in digoxin 
group versus captoprilgroup (4.2 vs 5.8%, p <0.05) 

Significant reduction in frequent premature ventricular beats only in 
captopril group (p <0.95) 

Fewer adverse drug reactions in digoxin group versus captopril g oup 
(30.2 vs 44.2%) 

No difference between c goxin and captopril groups in mortality, 
hospitalizations or emergency room visits 





Thus, available {ata shows benefit of adding vasodi- 
lators to digitalis and diuretic therapy, at least for 6 to 
12 months in patients with class IV and III chronic 
CHF. In the class II patient, there is no randomized 
trial showing impreved survival with vasodilators. there- 
fore, the decision tc use vasodilator therapy in these pa- 
tients must be based upon evidence other than survival 
benefit. 

Exercise capacity/left ventricular function data: In 
patients with class II CHF, demonstration of improve- 
ment in exercise cepacity, hemodynamics and left ven- 
tricular function may be a more practical endpoint than 
attempting to further decrease a relatively low mortality 
rate. Improving exercise capacity is desirable in patients 
with chronic CHF; such improvement has been convinc- 
ingly shown both with ACE inhibitors’? and with digi- 
talis.!°-!5 Two recent trials have directly compared the 
relative effect of these 2 classes of agents on exercise 
capacity in patients with CHF. The first such trial com- 
pared regimens of diuretics alone, diuretics plus digoxin 
and diuretics plus captopril in patients with predomi- 
nantly class H CEF and was recently reported by The 
Captopril-Digoxin Multicenter Research Grour.'® This 
study showed increased exercise duration in toth the 
digoxin and captopril groups, with no significant differ- 
ence between the 2 far the degree of increased duration 
(when analyzed according to “intention to treat”). Left 
ventricular ejection fraction in this study was increased 
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TABLE Ill Clinical Aspects of Vasodilator Therapy in Heart 
Failure 


Significant incidence of poor response to therapy?3.24.28 

Significant incidence of side effects and adverse drug reactions®!7.24.29 

Potential negative inotropic properties of converting enzyme 
inhibitors!9 

Require multiple daily doses, with possible adverse effects on patient 
compliance*6 

Higher cost to patient 


TABLE IV Recommendations for Pharmacologic Therapy of 
Heart Failure—1990 


Functional class IV 
Digitalis + diuretics + angiotensin-converting enzyme inhibitor 
Additional therapy as neeced 
Functional class III 
Digitalis + diuretics + angiotensin-converting enzyme inhibitor 
Additional therapy as needed 
Functional class ll 
Digitalis + diuretics 
Angiotensin-converting er zyme inhibitor if signs and symptoms not 
controlled 
Additional therapy as needed 
Functional class | 
Insufficient data to recom nend specific therapy 





only in the group receiving digoxin. These and other 
conclusions from this important study are listed in Ta- 
ble II. 

The findings of the Digoxin-Captopril Multicenter 
Study'® must be further placed in the perspective of 
some potential bias inherent in the study design and 
randomization process. Sources of this potential bias in- 
cluded the following: patients receiving digoxin were 
older than those receiving captopril (58.2 vs 54.5 years, 
p <0.02); the digoxin group contained a higher number 
of patients with class HI symptoms than the captopril 
group (20 versus 9%); patients were only entered in the 
study if they could tolerate initial “test” doses of capto- 
pril (potential bias in favor of captopril); 30 patients 
were not included in the study due to worsening symp- 
toms during initial withdrawal of digitalis (most pa- 
tients had been on chronic digitalis therapy); patients 
excluded from the study due to deterioration after digi- 
talis withdrawal could potentially have excluded those 
likely to benefit the most from digitalis; and serum di- 
goxin levels were adjusted to a trough level <2.4 ng/ml, 
a level that might have resulted in an increased risk of 
toxic effects. Despite these potential sources of bias, the 
conclusions of this study listed in Table II suggest that 
digitalis is at least as clinically efficacious, if not more 
efficacious than captopril in patients with predominant- 
ly class II chronic resistant CHF. 

The second recent trial comparing digitalis and ACE 
inhibitors in patients with CHF was reported by The 
French Multicenter Study Group.!’ This trial evaluated 
regimens of digoxin plus diuretics and enalapril plus 
diuretics in patients with predominantly class H and IH 
symptoms, In this study, no significant differences be- 
tween the digoxin and enalapril groups were observed 
for either decrease in symptoms or improvement in ex- 
ercise capacity, although patients receiving digoxin ex- 
perienced a trend to slightly fewer adverse drug effects 


(10% of patients receiving digoxin versus 18% of pa- 


tients receiving enalapril [difference not significant]). | 


In addition to improvement in exercise duration and 
decrease in symptoms, improvement in left ventricular 
ejection fraction may be a desirable endpoint in patients 
with CHF. In the Veterans Administration Heart Fail- 
ure Trial, a nearly 2-fold increase in mortality was not- 
ed in the placebo-treated patients (digoxin and diuretic 
group) with an ejection fraction <0.28 as opposed to 
those with an ejection fraction >0.28 (25.1 vs 12.8%). 
In the Digoxin-Captopril Multicenter Study,!® digoxin, 
but not captopril, resulted in significant improvement in 
left ventricular ejection fraction; numerous other studies 
have shown improvement in left ventricular systolic 
function after digitalis administration.!0!!:13.15.18 Tn con- 
trast, there is some evidence to suggest intrinsic negative 
inotropism after acute administration of ACE inhibi- 
tors.!? 

Patients with CHF often show elevated levels of cir- 
culating catecholamines, which have been correlated 
with an adverse prognosis.*°? Gheorghiade et al?! showed 
a decrease in circulating catecholamines after digitalis 
administration to patients with predominantly class III 
CHF; in this study, such a decrease was not observed 
after captopril administration. Similarly, Ribner et al! 
showed a decrease in both catechalamines and renin af- 
ter digitalis administration to patients with CHF. Simi- 
lar neurohumoral benefit has been observed after capto- 
pril administration as well.” 

Thus, available data does not show a clear advan- 
tage of vasodilator therapy over digitalis and diuretics in 
patients with predominately class H CHF. 

Choice of vasodilator: When selecting a vasodilator 
regimen for patients with CHF, the decision is between 
an ACE inhibitor or a combination of isosorbide dini- 
trate and hydralazine. The combination of nitrates and 
hydralazine has several limitations, including a variable 
response rate of patients to the regimen,”* tolerance to 
long-acting nitrates,” a high incidence of adverse drug 
effects necessitating discontinuatian of therapy®?* and 
the need for multiple daily doses, which may interfere 
with patient compliance.*° For these reasons, the opti- 
mal initial vasodilator for most patients with CHF is an 
ACE inhibitor; the preferred ACE inhibitor in this set- 
ting remains unknown.?’ The combination of isosorbide 
dinitrate and hydralazine should be reserved for pa- 
tients who are not candidates for ACE inhibitors. 

When initiating vasodilator therapy, certain caution 
must be exercised. We and others have showed that 
many patients fail to respond to vasodilator thera- 
py;7?7428 such nonresponsiveness is often associated 
with poor baseline hemodynamic variables, but general- 
ly cannot be noninvasively predicted. Vasodilator thera- 
py may be associated with a significant incidence of ad- 
verse reactions, including occasional symptomatic hypo- 
tension and/or worsening of renal function.®!72429 
These and other considerations in vasodilator therapy 
are listed in Table III. 

Asymptomatic left ventricular dysfunction: There is 
little available data on patients with truly asymptomatic 
chronic left ventricular dysfunction (“class I CHF”). 
Two recent studies have examined the use of captopril 





for 1 year after acute myocardial infarction in patients 
with residual left ventricular dysfunction but no symp- 
toms of CHF. Pfeffer et alè? showed captopril to result 
in improved exercise capacity and hemodynamics in 
some patients at 1 year, but observed no improvement 
in left ventricular end-diastolic or end-systolic volumes 
as compared to placebo. Sharpe et al?! similarly ob- 
served no change in left ventricular end-diastolic volume 
after 1 year of captopril administration after acute myo- 
cardial infarction, but did show a small (7cc) decrease 
in end-systolic volume index, with a resultant increase in 
left ventricular ejection fraction. Digitalis has been 
shown to result in significant decreases in left ventricu- 
lar end-diastolic pressure (19 to 10mm Hg) and in- 
creases in left ventricular stroke work (99 to 120 g-m) 
in convalescent patients after acute myocardial infarc- 
tion.*2 DeMots et al? showed that digitalis resulted in 
significant decreases in left ventricular end-diastolic and 
end-systolic volume index and an increase in left ven- 
tricular contractility in patients with severe coronary ar- 
tery disease and no symptoms of CHF. 

The clinical significance of these effects of ACE in- 
hibitors and digitalis on left ventricular function in 
asymptomatic patients remain uncertain. Furthermore, 
results of the aforementioned studies may not be appli- 
cable to asymptomatic patients with left ventricular dys- 
function not related to coronary artery disease. For 
these reasons, no specific recommendations for therapy 
can be made at this time for patients with asymptomat- 
ic left ventricular dysfunction; ongoing clinical trials 
may help to clarify these issues. 

In conclusion, based on careful review of available 
data, our recommendations for the appropriate initial 
management of patients with chronic CHF are listed in 
Table IV. 
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All Patients with Left Ventricular Systolic 
Dysfunction Should Be Treated with An 
Angiotensin-Converting Enzyme Inhibitor: 
A Protagonist’s Viewpoint 


Barry M. Massie, MD 


that most patients with significant left ventricular 

dysfunction, defined most easily as left ventricular 
dilatation with an ejection fraction <35 to 40%, should 
be treated with an angiotensin-converting enzyme 
(ACE) inhibitor; this includes patients exhibiting a wide 
spectrum of clinical symptomatology, ranging from the 
bedridden patient taking multiple medicines to patients 
who have never exhibited symptoms. 

The goal of treatment varies with the clinical presen- 
tation. In refractory or severe congestive heart failure 
(CHF), a treatment can be considered effective if it is 
“palliative”, as evidenced by a prolongation of survival 
and an improvement of quality of life (albeit of brief 
duration). In mild-to-moderate heart failure, an effec- 
tive treatment should produce a more sustained de- 
crease in symptoms, associated with an objective indica- 
tor of clinical benefit, such as enhanced exercise toler- 
ance. If alternative effective therapies are available, an 
agent that improves prognosis is obviously preferable. In 
the asymptomatic patient, long-term treatment should 
prolong survival, delay the progression to symptomatic 
CHF or preserve left ventricular function. This report 
will present evidence that ACE inhibitors are beneficial 
in patients with each of these clinical presentations. 

ACE inhibitors are part of the optimal management 
of severe and refractory congestive heart failure: As 
with all new therapies for CHF, the initial studies of 
ACE inhibitors examined the hemodynamic responses 
in patients with severe CHF despite optimal therapy 
with diuretics and digoxin. Consistent decreases in ven- 
tricular filling pressures and increases in cardiac output 
were documented!; these decreases were associated with 
decreases in left ventricular size.? Unlike many agents, 
with ACE inhibitors, tolerance or loss of efficacy with 
time was rarely observed. Therefore, the decrease of 
hospitalizations and episodes of severe deterioration 
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during chronic treatment were not surprising (Figure 
1). 

The most definitive study in this patient group is the 
Cooperative North Scandinavian Enalapril Survival 
Study.* In this trial, 253 hospitalized patients who re- 
mained severely symptomatic despite therapy with di- 
uretics, digoxin and, in many cases, vasodilators, were 
randomized to enalapril or placebo. The mortality rate 
in the patients treated with the ACE inhibitor was 40% 
lower at 6 months and 31% lower at 1 year (both p 
<0.002). Of note, this beneficial effect was observed 
even in patients receiving other vasodilators (primarily 
nitrates). Furthermore, the ACE inhibitor group exhib- 
ited fewer symptoms and a significant decrease in heart 
size. Thus, the considerable experience with ACE inhib- 
itors in severe CHF leaves no doubt that this group of 
patients should receive these agents. 

Angiotensin-converting enzyme inhibitors are indi- 
cated in moderate congestive heart failure: [n patients 
with less severe symptoms categorized as “moderate 
CHF,” it is possible to examine objective endpoints such 
as exercise tolerance in addition to survival and symp- 
toms. These patients have generally been studied by 
adding an ACE inhibitor while continuing treatment 
with diuretics and digoxin, Captopril was evaluated in a 
multicenter trial consisting of primarily New York 
Heart Association class III patients.’ During a 3-month 
period of randomized, double-blind treatment, the cap- 
topril group exhibited fewer withdrawals for worsening 
heart failure, greater improvement in symptoms and a 
decrease in New York Heart Association class com- 
pared to placebo. Exercise tolerance improved signifi- 
cantly with captopril, while remaining unchanged with 
placebo. Finally, in an “intent to treat” analysis, there 
were significantly fewer deaths in the captopril group (2 
of 53 vs 11 of 52, p <0.01), primarily as a result of a 
decrease in sudden deaths (1 vs 8).° Treatment was well 
tolerated with few medication-related dropouts. 

Other smaller controlled studies have confirmed 
these results with measurements of hemodynamics, ex- 
ercise tolerance and clinical status using captopril and 
other ACE inhibitors.’-!° Therefore, there is little doubt 
that patients on diuretics and digoxin who remain 
symptomatic even with moderate exertion benefit from 
the addition of an ACE inhibitor. 

Angiotensin-converting enzyme inhibitors are ef- 
fective in mild congestive heart failure: Patients with 
mild CHF are, perhaps, the most difficult to classify 
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and to study. Howerer, this issue is addressed in a re- 
cently reported trial in which patients with predomi- 
nantly class II CHF and relatively maintained exercise 
tolerance had captopril, digoxin or placebo added to 
their maintenance d_uretic therapy.'! Over a follow-up 
period of 6 months, 2xercise tolerance and clinica. class 
both improved signi‘icantly with captopril compared to 
placebo. Most impressively, significantly fewer patients 
receiving captopril required increased diuretic dosages 
or hospitalizations and emergency room visits compared 
to the placebo group (Figure 2). These results indicate 
that maintaining patients with even mild CHF with 
diuretics alone is not optimal management for either 
minimizing symptors or preventing subsequent d=terio- 
ration. ` 

This finding is further supported by a Germar. study 
.in which CHF patients with mild-to-moderate symp- 
toms who were rece-ving diuretics and digoxin weze ran- 
domized to captopr# or placebo.!? Again, progression to 
more severe heart failure was as by the ACE 
inhibitor. 


Angiotensin-conyerting enzyme inhibitors appear 
beneficial in asymptomatic left ventricular dysfunction: 
Before advocating treatment of asymptomatic individ- 
uals, one must have strong supporting data or at least a 
good rationale. Patients with dilated cardiomyopathy, 
characterized by a significantly decreased ejection frac- 
tion (<35%) and. left ventricular dilatation have a rela- 
tively poor prognosis, even if they have few or no symp- 
toms. This reflects the tendency of left ventricular en- 
largement and dysfunction to progress. Figure 3 
schematically shows the natural history of dilated car- 
diomyopathy. Over time, patients tend to become in- 
creasingly symptomatic, although the rate of progres- 
sion is unpredictable. Sudden death occurs throughout 
the course of the disease, but becomes more common as 
CHF becomes more severe. 

The critical issue is the mechanism of progression. ‘In 
some cases, the underlying disease (e.g., myocarditis or 
coronary disease) causes further damage. However, in 
other cases, a single or time-limited insult, such as myo- 
cardial infarction or myocarditis, leads to progressive 
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Placebo 


FIGURE 1. Decrease in hospitalizations 
and hospital days in group of 20 New 
York Heart Association class IH and IV 
patients followed for a mean of 18 months 
on captopril (CAP) compared to an identi- 
cal period before (Pre) angiotensin-con- 
verting enzyme inhibitor therapy. Nine pa- 
“ents were hospitalized a total of 22 times 

- for 195 days before Cap; taking Cap, only 
4 patients were hospitalized 7 times for a 
total of 38 days. Modified with ission 
from Am J Cardiol 1984;53:1316- 
1320. 





FIGURE 2. Lower incidence of requiring 
increases In diuretic dosages and de- 
creased number of hospitalizations and 
emergency room (ER) visits for heart fail- 
ure in a group of mild-to-moderate heart 
failure patients treated with captopril com- 
pared to a similar group managed on di- 
uretics alone. CHF = congestive heart fail- 
ure. Modified with permission from JAMA 
1988:259:539-5844, 





dysfunction. There are a numter of possible explana- 
tions for this process. Left ventricular remodeling after 
the initial injury may distort myocardial geometry so 
that systolic function is impaired. Elevated wall stress 
may lead to further dilatation and rapid progression. 
Initially, compensatory myocyte hypertrophy may itself 
lead to energetic failure.!3 Neurohormonal activation 
may lead to excessive myocardial stimulation or other 
deleterious consequences.!4 Finally, circumstantial evi- 
dence suggests that even in primary cardiomyopathy, 
imbalances between myocardial oxygen supply and de- 
mand may lead to subendocardial ischemia and necro- 
sis.!> Unloading the left ventricle and decreasing its vol- 
ume overload may protect it from further damage. Be- 
cause of the potentially negative impact of excessive 
neurohormonal activity, an agent that interdicts these 
effects may be optimal. 

This rationale is given some credence by studies ex- 
amining the effect of ACE inhibition on the progressive 
left ventricular dilatation and dysfunction that follow 
large myocardial infarctions, which may represent a 


FIGURE 3. Natural history of congestive 
heart failure (CHF). Although rate varies, 
most patients exhibit progressive symp- 
toms and left ventricular dysfunction. Sud- 
den death may occur at any stage, but be- 
comes more frequent in advanced CHF. 
Mechanisms of progression are unclear 
and probably highly variable. In part, CHF 
progresses as a result of ongoing damage 
and ischemia. Markedly elevated wall 
stress that characterizes dilated cardiomy- 
opathy may further impair cardiac perfor- 
mance. Neurchormonal activation may 
play a role in both disease progression and 
sudden death. 





paradigm for other forms of heart failure. Two studies 
have randomized such patients to an ACE inhibitor or 
placebo (and in 1 study, furosemide). In one, the capto- 
pril group exhibited a decrease in left ventricular size 
and an increase in ejection fraction compared to groups 
treated with either placebo or furosemide.!® In the sec- 
ond study, left ventricular function and size remained 
stable with captopril but deteriorated with placebo, 
again suggesting a protective effect of ACE inhibitors.!” 
If the previously postulated mechanisms for CHF pro- 
gression are operative, it is reasonable to speculate that 
ACE inhibitors may have a preventive role in asymp- 
tomatic or mildly symptomatic dilated cardiomyopathy. 
Of course, further evidence is much needed and is being 
collected. 

Asymptomatic patients fall into 2 subgroups—those 
receiving treatment for previously symptomatic CHF 
and those who have never had symptoms. I suspect 
many of the former are limited in more strenuous activi- 
ties and that they are likely to exhibit a more fluctuat- 
ing and progressive picture. Use of ACE inhibitors in 
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FIGURE 4. In determining whether to mi- 
tiate angiotensin-converting enzyme (ACE) 
Inhibitors, an individualized assessment of 
potential benefits and risks must be made. 
Benefit is clear in symptomatic patients 
and potentially important in those without 
symptoms. Risks of ACE Inhibitors are 
minimal. Hence, these considerations indi- 
cate that most patients with congestive 
heart failure should receive an ACE inhibi- 
tor. LV = left ventricular. 
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this group is warranted on the basis of the positive data 
in mild CHF, assuring that left ventricular function 
remains abnormal. While the rationale for starting 
ACE inhibitors in totally asymptomatic indiv-duals 
makes good sense, this approach is, at the present time, 
investigational. Nonetheless, just as we revascularize 
some patients with critical coronary lesions who are not 
symptom-limited, I would advocate using ACE inhibi- 
tors in asymptomatic patients with more severe left ven- 
tricular dysfunction and dilatation, who, after all. have 
mortality rates comparable to asymptomatic left main 
coronary disease. 

Angiotensin-con /erting enzyme inhibitors are bene- 
ficial in congestive F eart failure by a number of mecha- 
nisms: This point is of considerable importance. If one 
accepts a narrow view that the only action of ACE in- 
hibitors is to prevent the conversion of circulating angio- 
tensin I to angiotensin IJ, with resulting vasodilation 
and decreased aldosierone secretion, it is difficult to jus- 
tify the use of AZE inhibitors in mild-to-mcderate 
CHF, where plasmé-renin activity is often normal. Yet, 
they clearly work in these patients and their hemody- 
namic and clinical effects are often dissociated from 
measurements of plasma-renin activity. Certainly, this 
discrepancy may reflect intermittent activation of neu- 
rohormonal system: during periods of hemodynamic or 
other stress. However, it has also become apparent that 
these agents have multifaceted beneficial effects, includ- 
ing those listed in Table I. 

The ubiquity of tissue renin-angiotensin sys-ems is 
now well accepted, 8 although their clinical importance 
remains to be elucidated. It is certainly possitle that 
inhibition of intrarenal or myocardial angiotensin pro- 
duction may be beneficial in some patients with CHF. 
We now appreciate the ability of ACE inhibitors to in- 
hibit tissue-kinin metabolism, which in turn stimulates 
prostaglandin production. Prostaglandins play a signifi- 
cant role in ACE -nhibitor-induced vasodilation.!? Par- 
ticularly intriguing are the interactions between the re- 
nin-angiotensin system and the sympathetic nervous 
system.”° In addition to the role of the latter in produc- 
ing undesirable vesoconstriction, the sympathetic ner- 
vous system may play a role in arrhythmogenesis and 
even cause myocerdial damage; ACE inhibitors may 
“down-regulate” -he sympathetic nervous system in 
CHF, thus accomolishing what has been attempted in- 
vestigationally wita f blockers. ACE inhibitors also im- 
prove coronary hemodynamics and myocardial metabo- 
lism,*! although whether this is due to coronary vasodi- 
lation or decreased myocardial oxygen requirements is 
not known. 

The beneficial effects of ACE inhibitors or. central 
hemodynamic measurements have been well ckaracter- 
ized.!? The comtined decrease of left ventricular pre- 
load and afterloac 1s necessary to optimize cardiac per- 
formance in most. patients with CHF and produces the 
greatest decrease in wall stress, an action that may de- 
lay the progressioa of CHF. We now recognize that pe- 
ripheral effects may be crucial as changes in central he- 
modynamics in ameliorating the syndrome of CHF 
Changes in peripheral blood flow and skeletal muscle 
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TABLE I Potentially Beneficial Actiors of the Renin- 
Angiotensin System in Ccngestive Heart Failure 


Neurohormonal 

Inhibition of circulating RAS 

Decreased aldosterone secretion 

Inhibition of tissue RAS 

Stimulation of prostaglandin production 

Decreased sympathetic nervous system actvity 
Central hemodynamic 

Decreased systemic resistance (afterload) 

Decreased ventricular filling pressures (crelcad) 
Peripheral effects 

Increased peripheral blood flow 

improved muscle metabolism 

Increased renal blood flow 

Improved myocardial metabolism 
Decreased arrhythmias 


RAS = renin-angiotensin system. 


metabolism and function are important determinants of 
exercise intolerance in CHF.”* These can be reversed by 
ACE inhibitors and these effects may be in part respon- 
sible for improved exercise capacity. 

Finally, several studies have indicated that ACE in- 
hibitors may decrease ventricular ectopy in CHF.®!%!! 
The previous discussion suggests several potential mech- 
anisms for such an effect, including increases in serum 
and total body potassium, decreased adrenergic stimula- 
tion, decreased heart size, prevention of myocardial 
ischemia or prevention of progress:ve myocardial dam- 
age. This “antiarrhythmic” effect may play a role in the 
improved survival observed with ACE inhibitors. 

Angiotensin-converting enzyme inhibitors are more 
effective than direct vasodilators: The ACE inhibitors 
are often classed together with other agents that pro- 
duce vasodilation, such as the ritrates, hydralazine, al- 
pha-adrenergic blockers and calcium antagonists. From 
the previous discussion, it can te seen that this is inap- 
propriate. Indeed, vasodilators often activate the renin- 
angiotensin system and sympath2tic nervous system, 
which may explain some of the tolerance that develops 
to their effect. As opposed to the data with ACE inhibi- 
tors, evidence that these vasodilatars improve symptoms 
in CHF patients is very limited and, at best, inconclu- 
sive. Even the Veterans Administration Heart Failure 
Trial study, which showed improvement in survival with 
the combination of hydralazine and isosorbide dini- 
trate,” failed to show a substantial improvement in ex- 
ercise tolerance.** Thus, ACE intibitors should be dif- 
ferentiated from other vasodilators and are clearly the 
agents of choice for improving cardiac performance by 
altering left ventricular loading conditions. 

Angiotensin-converting enzyme inhibitors versus 
digoxin—a nonissue: The relative efficacy of ACE in- 
hibitors and digoxin is often debated,?>? but, in my 
opinion, is not relevant to this report. I have presented 
data showing that ACE inhibitors are beneficial in all 
classes of symptomatic CHF patients. Studies have 
been conducted with and without a background of di- 
goxin therapy with equally positive results. 

I also believe digoxin is an effective agent in the 
treatment of CHF, although this point remains contro- 





versial in patients in sinus rhythm. One of the reasons 
for the continuing debate is that digoxin is most effec- 
tive in patients with advanced CHF, marked left ven- 
tricular enlargement and severe left ventricular dysfunc- 
tion.2”8 In milder CHF, it has been difficult to show a 
beneficial response.?° The effect of digoxin on survival 
in CHF has not been studied. Post hoc analyses have 
raised a question about increased mortality rates in pa- 
tients with ischemic heart disease, but these have not 
been substantiated in other studies. However, other pos- 
itive inotropic agents, such as the phosphodiesterase in- 
hibitors and adrenergic stimulants, have been associated 
with trends toward an increased mortality rate.?° 

For this report, it is sufficient to state that there is no 
evidence to indicate that digoxin improves survival in 
symptomatic patients or prevents the progression of left 
ventricular dysfunction in asymptomatic patients. 
Therefore, one can readily argue that these patients 
should all receive an ACE inhibitor, whether or not they 
are being treated with digoxin. 

Angiotensin-converting enzyme inhibitors have a 
favorable benefit to risk ratio: In the final analysis, 
physicians must determine whether to prescribe a medi- 
cine based upon their assessment of the benefit to risk 
ratio in each patient and whether or not the agent is 
specifically approved for this indication. The ACE in- 
hibitors are remarkably well tolerated, even in fragile 
CHF patients. The major risks are excessive hypoten- 
sion and functional renal insufficiency. These occur 
most commonly in patients with preexisting renal dys- 
function and hypotension and can usually be avoided by 
careful monitoring and adjustment of ACE inhibitor 
dosages and accompanying medications. The benefits, 
both proven in symptomatic patients and potential’ in 
asymptomatic individuals, are great. I think the balance 
of benefits and risks clearly supports the use of ACE 
inhibitors in most of these patients (Figure 4). 
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Nitrates Are Effective in the Treatment of 
Chronic Congestive Heart Failure: 
The Protagonist’s View 


Jay N. Cohn, MD 


| therapy in the management of congestive heart 
failure (CHF) since early studies showed that 
these agents, whetier administered intravenous_y, sub- 
lingually, orally or transcutaneously, produced a strik- 
ing decrease in ventricular filling pressure and a modest 
increase in cardia: output.’-? The favorable hemody- 
namic effects have been attributed to an increase in ve- 
nous capacitance induced by venodilation ccmbined 
with a decrease in vascular resistance induced bv arteri- 
olar dilation. An effect to increase large artery compli- 
ance probably plays an important role in decreasing im- 
pedance to left ventricular emptying.* 

Proof of clinical efficacy on the signs and symptoms 
of CHF has beer. more difficult to achieve. We ob- 
served in 19745 that chronic isosorbide dinitrate therapy 
could maintain cardiovascular stability long-term in a 
patient with sever» left ventricular failure who had be- 
come dependent cn intravenous nitroprusside end who 
deteriorated wher placebo was substituted for isosor- 
bide dinitrate. Tkis experience convinced us that oral 
nitrates could be :ffective therapy in at least some pa- 
tients with CHF, but this “N of 1” experiment® was 
hardly adequate to convince scientists committed to 
large sample sizes and statistical validation. Indeed, 
even if this “experiment” had been more critically de- 
signed to include several active and placebo treatment 
periods, it would not have addressed the issue of the 
frequency of a favorable effect, the proper dosing of the 
drug or its tolerability. Furthermore, the possibility that 
the placebo-associated deterioration represented a re- 
bound effect from nitrate withdrawal rather taan sim- 
ply the removal of an effective agent could not be ex- 
cluded. 

Only a few studies of modest sample size have been 
carried out to eraluate the effect of oral nitrates on 
signs and symptams in patients with CHF.’-!¢ In each 
of these well con-rolled, double-blind studies, the trend 
in exercise tolerance, perceived symptoms and morbid 
events has favored isosorbide dinitrate over placebo. 
However, because cf the small size of each of these 
studies (a total œ? 47 patients treated with the nitrate), 
the beneficial effect on exercise tolerance barely 
achieved the 95% confidence limits traditionally re- 


Nez have gained wide acceptance as adjunctive 
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quired to make results acceptable to the medical com- 
munity. 

At least the following 2 factors must be considered 
in assessing the published studies on clinical efficacy of 
oral nitrates for CHF: use of peak exercise tolerance as 
a therapeutic endpoint; economic factors limiting stud- 
ies of efficacy. 

Peak exercise tolerance: Because impaired left ven- 
tricular functional response to exercise and decreased 
exercise capacity are hallmarks of the syndrome, it is 
appropriate that exercise tolerance be used as a guide to 
therapeutic efficacy in CHF. The problem with exercise 
testing, however, is that the only objective endpoint has 
been peak capacity during a test of progressively in- 
creasing loads. The subjective endpoint of fatigue and 
dyspnea now can be satisfactarily replaced by on-line 
measurement of oxygen consumption and carbon diox- 
ide production. These measurements provide objective 
evidence that the anaerobic threshold has been sur- 
passed and they also provide a quantitation of work 
done by the peak oxygen consumption achieved.!! How- 
ever, peak exercise capacity mzy not be the appropriate 
endpoint for therapeutic efficacy in CHF. For example, 
this measurement does not quantitate the comfort with 
which a patient can carry on stbmaximal work, a possi- 
bly more appropriate guide to clinical symptomology in 
CHF. Even drugs assumed to be effective in heart fail- 
ure do not always significantly improve peak exercise 
capacity. Increases have been shown in some controlled 
trials using converting-enzyme inhibitors,!*!3 but in^ 
other studies, some of them including large numbers of 
patients, the ACE inhibitors have not produced a statis- 
tically significant increase in maximum exercise.'4 Oth- 
er vasodilator interventions have also failed to exhibit an 
increase in exercise capacity in controlled trials.!5-16 

A possible dissociation between changes in maximal 
and submaximal exercise capacity may be particularly 
pertinent with the nitrates. The first dose of isosorbide 
dinitrate produces a favorable hemodynamic effect at 
rest and during submaximal exercise, but the beneficial 
hemodynamic effect appears to disappear at matched 
peak workloads.: The lower pulmonary capillary pres- 
sure and higher cardiac output at submaximal work- 
leads might therefore allow modest work to be done 
longer or with less dyspnea and fatigue without an im- 
provement in peak capacity to deliver oxygen to work- 
ing skeletal muscle.!® Unfortunately, however, studies 
using quantitative submaximal tests capable of detect- 
ing an improvement in exercise function in response to 
oe or any therapy have not been designed and vali- 

ated. 


It thus seems imprudent to base efficacy of a thera- 
py for CHF solely on the basis of its effect on peak 
exercise capacity. Nonetheless, however, given the small 
number of patients studied, the nitrates appear to have 
exerted remarkably favorable effects on this endpoint 
when compared to the responses to other drugs. 

Economic factors: Study of drug therapy for CHF is 
fueled by the pharmaceutical industry whose market 
share and profits will be augmented by regulatory body 
approval of a new drug. Drugs with a long patent life 


and consequent high price tag are the agents in which ` 


the high cost of drug development and approval can be 
justified. Unfortunately, the Food and Drug Adminis- 
tration has no mechanism by which they can help de- 
crease the cost of developing a rew use for a generic 
drug whose sales may not be perceived by a drug com- 
pany as likely to match the costly development. 

Such is the dilemma of the nitrates for heart failure. 
So many nitrate preparations in so many forms manu- 
factured by so many pharmaceutical companies are 
available that no single company has felt it prudent to 
undertake the large clinical trials necessary to satisfy 
the usual standards of proof that long-term nitrate ther- 
apy when added to digitalis and diuretics can improve 
signs, symptoms and quality of life in patients with 
heart failure. 

Hydralazine-isosorbide dinitrate combination: Our 
early trials with oral vasodilator regimens were aimed at 
developing a long-term therapy that could replicate the 
hemodynamic effects of infusion of sodium nitroprus- 
side.!? Because nitrates appeared io mimic the venous 
capacitance effects of nitroprusside but not the arterial 
dilating effect, we used a known arterial dilator, hydral- 
azine, in combination with isosorbide dinitrate to pro- 
duce the desired hermodynamic response.”° This combi- 
nation was quite well tolerated and therefore allowed 
the design of a definitive long-term multi-center trial to 
test the potential benefits of such an apparently ideal 
vasodilator regimen on the course of CHF. An alterna- 
> tive vasodilator regimen, prazosin, was included in the 
trial because early studies had shown this drug also pro- 
duced a balanced dilator effect on both the venous and 
arterial vasculature.”! | 

As has previously been reported,”” the hydralazine- 
isosorbide dinitrate regimen had a favorable effect on 
survival and also produced an increase in left ventricular 
ejection fraction? and an improvement in exercise toler- 
ance? when compared to the placebo therapy. Prazosin 
did not exert any demonstrable beneficial effects. Be- 
cause the effective Veterans Administration Heart Fail- 
ure Trial therapy included 2 vasodilator drugs, it is not 
possible to prove that both agents are necessary for the 
beneficial effect. Until similar studies are undertaken 
with each agent alone (an unlikely event) the prudent 
approach is to assume that the favorable hemodynamic 
effects of the combination. are translated into long-term 
benefits. Use of the 2 drugs together is made more ac- 
ceptable by the long history of safety of these 2 generic 
drugs and by their low cost. It is our position that ni- 
trates may be effective on some of the signs and symp- 
toms of heart failure when added alone to digitalis and 


diuretics, but the definitive trial showed efficacy when 
nitrates are used in combination with hydralazine. 
Therefore, the recommended vasodilator regimen for 
heart failure should ideally include both drugs. 

Nitrate tolerance: Nitrate skeptics have raised con- 
cern that chronic therapy may result in attenuation of 
the vascular actions of the nitrate and loss of clinical 
effectiveness. It is certainly well recognized clinically 
that the vasodilator headache induced by nitrates wanes 
with continued administration of the drug. It has also 
been amply shown in several studies that in some 
patients, the hemodynamic effects of intravenous, 
transdermal, sublingual and orally administered nitrates 
may become attenuated during continuous or repeated 
dosing.**?> These studies have clearly shown the poten- 
tial for tolerance to some of the circulatory effects of 
nitrates, but they cannot exclude a continued response 
in some patient populations with some dosing regimens 
and furthermore, these hemodynamic studies cannot ex- 
clude a favorable clinical response even in the absence 
of a measurable effec: on the parameters studied. Fur- 
ther exploration of tae optimum dosing regimen for 
chronic nitrate therapy is clearly needed, but the ulti- 
mate proof for efficacy must reside in clinically measur- 
able endpoints not on hemodynamic indexes that are 
well recognized to bear a poor relation to symptoms and 
life expectancy in heart failure.” 

Optimal dosing of nitrates: The ideal regimen for 
chronic nitrate therapy is still not established. The tradi- 
tional principle has been to use the highest tolerated 
dose to achieve maximal benefits and to choose a regi- 
men that comes as close as possible to maintaining a 
vascular effect throughout the 24-hour day. This princi- 
ple may now be questioned for at least the following 2 
reasons: the dose-response for different vascular effects 
may be dissimilar, so that the highest tolerated dose 
may not be the optimal dose for all clinical indications; 
and the problem of tolerance may be mitigated by pro- 
viding a drug-free interval during the day so that nitrate 
efficacy can be restored. 

Transdermally administered nitroglycerin appeared 
initially to be an ideal means of therapy because con- 
stant blood levels could be achieved over long periods of 
time. More recent experience suggests that constant 
blood levels may encouzage early development of toler- 
ance. Indeed, in patients with heart failure, the hemody- 
namic effect of transdermal nitroglycerin appears to 
wane after about 6 hours.2’ Nonetheless, rebound vaso- 
constriction after withd-awal of the nitroglycerin patch 
indicates that some physiologic effect of the nitrate was 
persisting despite the apparent attenuation of the mea- 
sured vascular actions. A recent Food and Drug Admin- 
istration-sponsored study of transdermal nitroglycerin in 
patients with angina showed loss of clinical efficacy 
even to high transdermal doses (personal communica- 
tion). 

Oral therapy yieldirg fluctuating blood levels ap- 
pears to be a more attractive regimen. In Veterans Ad- 
ministration Heart Failure Trial, the dose of isosorbide 
dinitrate was 40 mg 4 times daily, a dose chosen be- 
cause of the hemodynamic response and duration of ef- 
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fect after single doses of the drug. In this trial, the aver- 
age interval between the nighttime and morning doses 
was 8 to 10 hours. A longer dosing interval has been 
suggested by other:,2® but the long-term beneficial ef- 
fect in the Veterans Administration Heart Failure Trial 
of this therapeutic regimen has encouraged us to con- 
tinue to use it clinically. 

Future of nitrate therapy for heart failure: Dne of 
the most exciting Cevelopments in the nitrate field has 
been the recent evidence that nitric oxide, the active 
product of nitrodifator drugs, is also the active sub- 
stance released from endothelium in response to a vari- 
ety of physiologic and pharmacologic stimuli.”? Further- 
more, evidence has accumulated that this endcthelial- 
derived relaxing factor is deficient in atherosclerotic 
coronary arteries end in the peripheral vasculeture in 
other disease states.°° Nitrates may therefore now be 
viewed as endogenous vasodilators and their administra- 
tion may actually 3e restoring deficient endogemous ni- 
tric oxide. 

Worldwide use of nitrates as part of a primazy vaso- 
dilator regimen for CHF may be waning because of the 
growing use of angiotensin-converting enzyme inhibi- 
tors. The efficacy of angiotensin-converting enzyme in- 
hibitors in CHF aas been shown in several well-con- 
trolled trials and -heir use has been widely stimulated 
by aggressive mar<eting efforts supported by the manu- 
facturers of these agents. Nitrates have not teen the 
beneficiaries of tae multiple studies or the effective 
marketing effort. 

It may be appropriate now to reexamine the issue of 
nitrates (or preferably nitrates plus hydralazine) versus 
angiotensin-conve-ting enzyme inhibitors in the treat- 
ment of CHF. Tae angiotensin-converting enzyme in- 
hibitors are unique agents whose favorable effects may 
be heavily dependent on actions other than vascdilation. 
They have clear-cut metabolic effects to retain potassi- 
um and magnesium and the suppression of anziotensin 
II may inhibit vascular and myocardial hypertrophy. 
Their vasodilator effect in terms of acute hemcdynamic 
response appears to be less potent than that of hydrala- 
zine and isosorbice dinitrate. The future use of nitrates, 
therefore, may be as part of a vasodilator rezimen to 
supplement the beneiicial effects of angiotensin-convert- 
ing enzyme inhikitors in the treatment of CHF. 

For patients vith CHF to have the benefit of nitrate 
therapy, approval of this form of therapy by the Food 
and Drug Admimistration is necessary. The Veterans 
Administration Heart Failure Trial study has provided 
adequate evidence for efficacy of the nitrate-hydrala- 
zine regimen. Tie agency may need to modify their 
usual standards for approval of drug combinations to 
allow this study to impact upon life expectancy of the 
millions of Amezicans who have this syndrome. 
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Should Complex Ventricular Arrhythmias in 
Patients with Congestive Heart Failure Be 
Treated? A Protagonist’s Viewpoint 


Jeffrey L. Anderson, MD 


he prognosis in congestive heart failure (CHF) is 

poor. About 50% of patients die within 5 years 

and almost one-half of these deaths are sud- 
den.!? Thus, prophylactic management strategies are 
needed. 

Importance of complex ventricular arrhythmias in 
congestive heart failure: High-grade, complex ventricu- 
lar arrhythmias occur in most patients with a history of 
CHF and are associated with an increased risk of mor- 
tality, particularly sudden death. In 1 review, couplets 
and/or multiformed complexes occurred in 87% of pa- 
tients and runs of ventricular tachycardia occurred in 
54% of CHF patients. In another review, unsustained 
ventricular tachycardia increased the risk of mortality 
by a factor of 2.8 (range, 1.3 to 5.4).? The risk of ar- 
rhythmias on mortality is also independent of ejection 
fraction.2-> Besides ambient arrhythmias,>* arrhythmia 
inducibility at electrophysiologic study is a strong risk 
marker for mortality? and may be a better guide to 
therapy than ambulatory monitoring. The presence of 
a late potential on signal-averaged electrocardiography 
also causes an increased risk of ventricular tachyar- 
rhythmias and sudden death and this risk is greater 
than and independent of the presence of spontaneous 
arrhythmia.’ 

Therapy other than traditional antiarrhythmic 
drugs: MULTIPLE RISK FACTORS: If complex ventricular 
arrhythmias in patients with ventricular dysfunction 
represent a risk factor for mortality, can treatment of 
arrhythmias decrease the risk of sudden death? Vulner- 
ability is undoubtedly influenced by multiple factors. In 
addition to arrhythmia, ventricular dysfunction, myo- 
cardial ischemia, neurogenic and endocrine factors, 
metabolic and blood gas imbalance and drugs, including 
antiarrhythmic drugs, may be risk factors. These multi- 
ple risk factors suggest a multipronged approach. 

GENERAL TREATMENT APPROACH: First, the cause and 
extent of underlying heart disease should be determined 
and reversible factors (e.g., ischemia. myocarditis, tox- 
ins) corrected. Uncompensated CHF should be treated. 
Diuretic dosage should be carefully titrated and ade- 
quate electrolyte replacement given. Vasodilator thera- 
py, often preferably a converting-enzyme inhibitor, 
should be considered. An oral or cutaneous nitrate prep- 
aration should also be considered, especially when angi- 
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na or dyspnea is present. Digitalis is reserved for atrial 
fibrillation or a low-output syndrome with a dilated 
heart and a ventricular gallop. 

ARRHYTHMOGENIC EFFECTS OF CONGESTIVE HEART FAIL- 
URE THERAPY: The treatment of CHF may itself be ar- 
rhythmogenic. Diuretics frequently cause electrolyte 
imbalance. Digitalis may cause toxic arrhythmias. Oth- 
er inotropes, including the new vasodilator-inotropes, 
have proarrhythmic risk and may worsen long-term 
prognosis. Direct-acting vasodilators cause reflex in- 
creases in sympathetic tone and renin release, predispos- 
ing to ventricular arrhythmias. An important goal is 
to prevent, minimize or reverse these arrhythmogenic 
effects. 

CONVERTING-ENZYME INHIBITION AND ARRHYTHMIAS: 
Arrhythmia decrease is among the effects of converting- 
enzyme therapy. Captopril has been shown to decrease 
ventricular ectopic frequency by one-third and to sup- 
press runs by two-thirds.’ These effects were associated 
with decreases in plasma norepinephrine and increases 
in potassium levels to well within the therapeutic range. 
A beneficial effect of converting-enzyme inhibition on 
mortality has also recently been shown. In the Coopera- 
tive North Scandinavian Enalapril Survival Study of 
enalapril versus placebo in 253 patients with class IV 
CHF, treatment decreased mortality by 41% at 6 
months (p <0.005) and by 31% at 12 months (p = 
0.01).!° A favorable but nonsignificant trend for sudden 
death was noted. In a multicenter captopril study,!! to- 
tal mortality was decreased from 11 to 2 and sudden 
death mortality decreased from 8 of 52 to 1 of 53 (p 
<0.05).!! ! 

A ROLE FOR BETA BLOCKADE IN SELECTED PATIENTS?: Ht 
is well known that 8 blockade may exacerbate CHF by 
decreasing contractility, increasing ventricular volumes 
and suppressing compensatory sympathetic activity. On 
the other hand, 6 blockade may also improve cardiac 
dysfunction by balancing oxygen demand and supply, 
providing antiarrhythmic activity and decreasing the 
cardiotoxicity of chronic catecholamine stimulation. 

In postinfarction patients, 8 blocker therapy de- 
creases mortality not only in those with preserved ven- 
tricular function but also in those with the most severe 
left ventricular dysfunction allowed study entry (Table 
I). In the 8 blocker Heart Attack Trial, the relative de- 
crease by propranolol in cardiovascular death from all 
causes was 32% in those with a history of CHF, com- 
pared with 21% in those without.'? Of particular note, 
sudden death was decreased 47% in CHF patients, com- 
pared with only 13% in others. The risk of CHF caused 
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TABLE I Decrease ir Mortality of Beta Blockade in Patients 
with Congestive Hear Failure in B-HAT Study 


Relative Decrease by 
Propranolol 


CHF (%) No CHF (%) 


Cardiovascular death {any} 
Sudden death 
Nonfatal MI 


8-HAT = 6 Blocker Heart Attack Trial; MI = myocardial infarction. 
Data adapted from Chadd + et a!!? with permission of the publisher. 


by therapy was surprisingly modest. The impressive ef- 
fect on sudden dea-h suggests an antifibrillatory action. 
Beta-blocker therazy should be considered in patients 
with ischemic heart disease and compensated ventricu- 
lar dysfunction. Low-dose initiation and gradual up-ti- 
tration may improve tolerance and decrease adverse ef- 
fects. 

Beta-blocker therapy was also suggested for dilated 
cardiomyopathy by the Göteborg Swedish Group 15 
years ago, based >n observational studies.'? Given in 
small, gradually inreasing doses, metoprolol was gener- 
ally well tolerated anc improved functional stats over a 
period of weeks tə months. Discontinuation was often 
accompanied by deterioration, with restoration of stabil- 
ity after resumpticn of therapy. Subsequent randomized 
studies in compersated class II/III patients have con- 
firmed the poten-ial for functional benefit.!* è Addi- 
tional studies, meny underway or being planned, will 
further assess the role of 8 blockade in compensated 
CHF. 

Treating cong2stive heart failure patients with anti- 
arrhythmic drugs ANTIARRHYTHMIC DRUG CLASSES: Four 
general antiarrhy-hmic drug actions, which define sepa- 
rate classes, resu/t from differing membrane blocking 
actions, that is, om sodium channels (class I), 8-adrener- 
gic receptors (cless II), potassium channels (class IIT), 
or calcium-entry channels (class IV). 

COMPARATIVE ANTIARRHYTHMIC EFFICACY: Using a 
definition of 275% decrease in ventricular premature 
complexes on ambulatory recording, efficacy has been 
shown for available class IA agents (quinidine family) 
in approximatel= two-thirds of patients, for class IB 
agents (lidocaine family) in about half and fo? class IC 
agents (flecainid=, encainide) in about 80%. About half 
respond to propranolol, up to two-thirds respond to the 
class II/III agent sotalol and over three-fourths respond 
to amiodarone. Using an electrophysiologic end paint 
(arrhythmia incucibility) for patients with sustained 
ventricular tachzarrhythmia leads to lower raies of effi- 
cacy (20 to 30%). A new agent, sotalol, promises to be 
somewhat more effective (30 to 40%). 

NONCARDIAC ADVERSE EFFECTS: Noncardiec intoler- 
ance rates are irug-specific. Agents currently in class 
IA have moderctely high intolerance rates (about 25 to 
30%), for varying reasons. Class IB drugs are poorly 
tolerated (30 to 40% dropout rate), primarily because of 
reversible neurologic or gastrointestinal toxicity. Class 
IC agents have the lowest rates (only 5 to 15% require 
discontinuation. Beta blockers are free of organ toxici- 
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TABLE ii Outcome of Treatment in Patients with Malignant 
Ventricular Arrhythmias 


Responders Nonresponders 

















3-Year 
Mortality 


3-Year 


Evaluation Method n Mortality n 


Holter /ETT'® 98 14% 25 85% 
EPS" 103 20% 102 68% 


ETT = exercise treadmill testing; EPS = electrophysbiogie study. 


ty, but excessive bradycardia, fatigue, dyspnea and 
CHF may limit their use. The side effects of amioda- 
rone are dose- and time-dependent. Even with lower 
dose therapy, side effects may appear after long-term 
use. The risk of potentially serious pulmonary toxicity is 
approximately 2 to 3% per year or 10 to 15% by 3 to 5 
years. 

NEGATIVE INOTROPIC EFFECTS: The degree of negative 
inotropy, of particular importance in patients with 
CHF, varies by agent. Disopyramide has the greatest 
negative inotropic pctential, followed by flecainide and 
the 6 blockers. Encainide may also show important ef- 
fects in CHF.!® Quinidine and mexiletine have modest 
or negligible effects in most settings. Because CHF pa- 
tients are frequently only marginally compensated, the 
addition of a drug with significent negative inotropic 
potential may lead to important decompensation in me- 
chanical and electrical function. 

PROARRHYTHMIC POTENTIAL: All antiarrhythmic drugs 
may exacerbate arrhythmias in some patients (2 to 
15%). Patients with CHF not only show the highest risk 
of mortality but are also at greatest risk for proarrhyth- 
mia, especially when left ventricular dysfunction is com- 
bined with a history of sustained ventricular tachycardia 
or ventricular fibrillation.!’ For class I agents, the risk 
is approximately proportional to antiectopic potency; 
mexiletine and tocainide have mild to moderate poten- 
tial, quinidine and other class LA agents have moderate ` 
potential and class IC agents (encainide, flecainide) 
have relatively high potential. Amiodarone and the 6 
blockers have the lowest potential for arrhythmia exac- 
erbation. In CHF patients, a significant proarrhythmic 
risk could overwhelm any beneficial potential of treat- 
ment. 

ANTIARRHYTHMIC THERAPY FOR PATIENTS WITH MALIG- 
NANT VENTRICULAR ARRHYTHMIAS: Patients who have ex- 
perienced a life-threatening veatricular tachyarrhyth- 
mia are known to be at high-risk for recurrence, unless 
the event was precipitated by a transient, nonrecurring 
stimulus (such as acute myocardial infarction). Obser- 
vational studies using both noninvasive and invasive 
methods suggest that patients responding to an antiar- 
rhythmic regimen have a better prognosis than those 
not responding!®.!° (Table II). Among 123 patients with 
malignant ventricular arrhythmias (most also had ven- 
tricular dysfunction), 3-year mcrtality was substantially 
lower (14%) if the antiarrhyttmic drug regimen sup- 
pressed arrhythmias by Holter monitoring and exercise 
testing than if it did not (85% mortality).!8 Combina- 
tion therapy with a 8 blocker was emphasized. 
















Several studies that have used the electrophysiologic 
end point have also shown a better prognosis for drug 
, regimens associated with a successful response. In 1 


study, a 20% 3-year mortality was observed among drug 


responders (n = 103), compared with a 68% 3-year 
. mortality among nonresponders (n = 102.)!? Therapy 
in these patients actually appears to prevent arrhyth- 
mias, rather than only mark “good risk” patients, be- 
cause a high arrhythmia recurrence rate has been ob- 
served if drugs are discontinued. These data argue per- 
suasively for therapy in this patient group, using a 
carefully monitored approach. 

TREATMENT OF ASYMPTOMATIC ARRHYTHMIAS: Wheth- 
er therapy should be given for asymptomatic ventricular 
arrhythmias, and, if so, in what form, is an important 
issue. Prior antiarrhythmic drug mortality studies do 
not provide a firm basis for prophylactic usage of anti- 
arrhythmic drug regimens.” These trials are limited in 
size and design and have shown unfavorable?° and fa- 
vorable trends.*! They have included patients both with 
and without a CHF history. 
| However, specific support for antiarrhythmic thera- 

py in CHF patients being treated with vasodilator-ino- 
tropic agents is provided by observations from the Uni- 
versity of California, San Francisco.2* Sudden death 
rates were lower in treated patients (most commonly, 
amiodarone was used), although total mortality rates 
were similar. 

Further support for the use of amiodarone is provid- 


ed by Cleland and Dargie, who evaluated variables - 


predictive of mortality in 132 CHF patients followed 
prospectively for a mean of 21 months. Frequent pre- 
mature ventricular complexes, nontreatment with amio- 
darone, low mean arterial pressure and a diagnosis of 
coronary artery disease were associated with a poor 
prognosis. Amiodarone treatment significantly im- 
proved prognosis (p <0.01), decreasing sudden death 
from 45 to 15% (Figure 1). The study was not random- 
ized, but this promising result deserves further evalua- 
tion. 

CARDIAC ARRHYTHMIA PILOT AND SUPPRESSION TRIALS: 
The Cardiac Arrhythmia Pilot Study’* showed that 
postinfarction arrhythmias could be effectively sup- 
pressed; the response rate in patients with low ejection 
fractions, although not optimal, wes reasonably well 
maintained. Adverse events (such as unsustained tachy- 
arrhythmia and CHF) were increased in those with low 
ejection fraction, but were observed with equal frequen- 
cy in the placebo and active treatment groups. The 
Cardiac Arrhythmia Suppression Trial was subsequent- 
ly begun to test the hypothesis that arrhythmia mortali- 
ty/cardiac arrest rates might be favorably affected by 
suppression of prognostically important ventricular ar- 
rhythmias in postinfarction patients with left ventricular 
dysfunction. The 3 drugs effectively suppressing ventric- 
ular ectopy in the pilot study (encainide, flecainide and 
moricizine) were selected for evaluation. 

IMPLICATIONS OF THE CARDIAC ARRHYTHMIA SUPPRES- 
” SION TRIAL: On April 17, 1989, the encainide and flecai- 
nide treatment limbs were terminated because of an ad- 
verse effect on total and sudden death mortality.2° Total 
event rates were 56 and 22, and sudden death and car- 


diac arrest event rates, 33 and 9, respectively, in the 
active (n = 730) and placebo (n = 725) groups (risk 
ratios 3.6, 2.5). An adverse outcome was consistently 
observed in various subgroups, including depressed ejec- 
tion fraction (<30%). Presumably, these 2 drugs de- 
creased the threshold for ventricular fibrillation, al- 
though they also suppressed spontaneous ventricular ec- 
topy to a high degree (280%). The study was continued 
for the moricizine limb, which did not show an adverse 
effect. This result for the moricizine limb leaves open a 
strong possibility that a beneficial effect for specific 
antiarrhythmic therapies (other than class IC) may still 
be observed. 

On the basis of these early results, it appears that 
suppression of ventricular premature complexes is not 
sufficient as a predictor of sudden death decrease. How- 
ever, suppression may still be necessary for optimal pre- 
vention. The Cardiac Arrhythmia Suppression Trial 
does stress the need to evaluate each drug and drug 
class separately for mortality effects, however. 

ANTIFIBRILLATORY VERSUS ANTIECTOPIC EFFECTS: The 
Cardiac Arrhythmia Suppression Trial results indicate 
the complexity of the problem of preventing arrhythmic 
death.” In order to be effective, therapy may need to 
have a beneficial effect on the arrhythmia substrate as 
well as on spontaneous ectopy. It is still possible, if not 
likely, that prognostically important arrhythmias are 
“triggering events” for more malignant tachyarrhyth- 
mias, rather than just extraneous risk markers. These 
triggering beats may act on a myocardial substrate that 
shows varying degrees of vulnerability for a sustained 
arrhythmic event. The effects of therapy on substrate 
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FIGURE 1. Estimated survival of patients with or without ami- 
odarone treatment, adjusted for baseline variables. (Repro- 
duced with permission from Br Heart 3.73) 
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factors such as transient ischemia and sympathetic drive 
may be important in the balance of overall benefit /risk. 
The Cardiac Arrhythmia Suppression Trial shows that 
class IC agents have an overall adverse effect on bene- 
fit/risk. However, moricizine, based on preliminary 
Cardiac Arrhythmia Suppression Trial results, may not. 
Beta blockers, relatively poor antiectopic agents, none- 
theless have antifibrillatory potential, decreastng the 
risk of ventricular fibrillation in animal models of acute 
ischemia.2® Amiodarone also decreases sudden Ceath in 
these models.?? In other studies, the combination of a 
class I drug (aprindine) and coronary ligation (acute 
ischemia) increased malignant arrhythmia risk, but not 
drug alone. These data suggest clinical hypothzses for 
future testing. 

FUTURE ANTIARRHYTHMIC STUDIES IN CONGESTIVE 
HEART FAILURE: A cooperative Veterans Administration 
study was begun in 1989 and will enroll 800 patients 
with CHF and arrhythmias, comparing outcome of 
amiodarone versus placebo therapy. The study end 
point is mortality (arrhythmic death/cardiac arrest). In 
addition to testing new agents (such as moricizine, ami- 
odarone, sotalol), future trials should test other end 
points, such as electrophysiologic end points in patients 
with low ejection fraction and complex arrhythmias but 
without a prior sustained event. 

OVERALL APPROACH TO ARRHYTHMIA THERAPY IN CON- 
GESTIVE HEART FAILURE: A current treatment epproact 
may be summarized as follows. Ventricular arrhythmias 
in CHF are prognostically important and indicate € 
need to consider preventive therapy. Reversible factors. 
such as ischemia, electrolyte imbalance and drugs or 
toxins, should be identified and treated. Therapy foz 
CHF should be optimized, but electrolyte imbalance 
avoided. Converting enzyme inhibitors may decrease ar- 
rhythmias and mortality and should be considered earl- 
in therapy. Carefully titrated @ blocker therapy; may bz 
considered in compensated (class II/TII) postinfarctioa 
and (investigational) dilated cardiomyopathy patients. 
Antiarrhythmic drug therapy should be given to pa- 
tients with a history of a sustained ventricular tachyar- 
rhythmia and therapy guided by invasive ard/or ag- 
gressive noninvasive testing. Symptomatic, frequent ur- 
sustained ventricular tachycardia, especially if 26 to 1) 
beats duration, also deserves consideration for therapr. 
Avoidance of class 1C agents and use of electrophysic- 
logic study, as well as noninvasive monitoring, should te 
encouraged in guiding such therapy. Antiarrhythm:c 
agents should be selected after careful consideration of 
overall benefit/risk profile and response carefully moni- 
tored. For selected patients in whom an optimal antia-:- 
rhythmic drug regimen is not found, an automatic ca:- 
dioverter-defibrillator device or, rarely, cardiac trans- 
plantation may provide effective therapy. 
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Should Asymptomatic Ventricular Arrhythmia in 
Patients with Congestive Heart Failure Be 
Treated? An Antagonist’s Viewpoint 


Philip J. Podrid, MD, and John S. Wilson, MD 


on its association with sudden cardiac death. It 

has become increasingly recognized that in some 
groups of patients (e.g. those with a recent myocardial 
infarction) the presence of runs of nonsustained ventric- 
ular tachycardia significantly increases the risk for a 
malignant ventricular tachyarrhythmia and sudden car- 
diac death.'+ A similar association has been reported in 
patients with a cardiomyopathy and congestive heart 
failure (CHF), but data are conflicting.*4 More impor- 
tantly, the role of antiarrhythmic drug therapy for pre- 
vention of sudden death has not been established. This 
paper reviews the prognostic importance of repetitive 
ventricular arrhythmia and the benefits and hazards of 
antiarrhythmic drugs in such patients, concluding that 
routine therapy for such patients is of no proven benefit. 

Prevalence of arrhythmia and sudden cardiac death 
in patients with cardiomyopathy and congestive heart 
failure: Ventricular premature beats are particularly 
frequent in patients with a cardiomyopathy and CHF 
(Table I). Frequent ventricular premature beats occur 
in 70 to 95% of patients with cardiomyopathy of any 
etiology while ruins of nonsustained ventricular tachy- 
cardia are documented in 40 to 80%. Their frequency 
and complexity are not closely associated with the de- 
gree of left ventricular impairment. There are many 
factors that predispose to ventricular arrhythmia in 
such patients (Table II). 

Structural factors resulting from the underlying car- 
diac pathology provide the appropriate substrate. As a 
result of myocardial damage, reentrant circuits capable 
of generating and sustaining arrhythmia may exist 
within the abnormal myocardium. 

Electrolyte depletion, most often diuretic-induced 
hypokalemia or low magnesium, is an important factor 
that can alter membrane excitability and automaticity. 

Hemodynamic factors, including ischemia, left ven- 
tricular dysfunction, contraction abnormalities, stretch 
on the myocardium and increased intracardiac pressure 
can induce ventricular arrhythmia. 

Neurohormonal mechanisms, particularly activation 
of the sympathetic nervous and renin-angiotensin sys- 


T= importance of ventricular arrhythmia is based 
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tenis, can interact with an unstable myocardium and 
precipitate arrhythmia. 

The drugs used for treatment of CHF, including di- 
goxin, positive inotropic agents, 8 agonists and perhaps 
vasodilators, can induce or aggravate arrhythmia. 

A number of studies have reported a high yearly 
mortality in patients with a congestive cardiomyopathy, 
regardless of the etiology (Table III). It had been as- 
sumed that the cause of death in patients with a cardio- 
myopathy is progressive CHF. However, it has become 
apparent that a significant proportion of the deaths are 
sudden, the result of a sustained ventricular tachyar- 
rhythmia (Table I). While a bradyarrhythmia has 
been observed to be the mechanism in a few patients, in 
the vast majority the etiology is a sustained ventricular 
tachyarrhythmia. The proportion of death that is sud- 
den is unrelated to the nature of the underlying heart 
disease. 

Relation between arrhythmia and sudden cardiac 
death: In patients with a cardiomyopathy and CHF, the 
relation between nonsustained ventricular tachycardia 
and an increased risk of sudden cardiac death continues 
to be controversial as data from the reported studies are 
conflicting (Table [V). 

Each of the trials involving patients with a recent 
myocardial infarction has reported that nonsustained 
ventricular tachycardia is an independent risk factor for 
sudden cardiac death, increasing mortality irrespective 
of left ventricular function, which is another indepen- 
dent factor (Table V). The highest mortality, however, 
is in those patients who have both nonsustained ventric- 
ular tachycardia and ventricular dysfunction (Table 
VI). 

In conclusion, runs of nonsustained ventricular 
tachycardia are associated with an increased risk of sud- 
den death in patients with a recent myocardial infarc- 
tion who have left ventricular dysfunction or CHF. The 
relation between this arrhythmia and sudden death in 
patients with an idiopathic-dilated cardiomyopathy re- 
mains uncertain, although most of the studies that in- 
volve a larger number of patients have reported a signif- 
icant association. 

Role of electrophysiologic testing in predicting the 
patient at risk: Electrophysiologic testing is an impor- 
tant and useful technique for evaluating arrhythmia 
mechanism and establishing drug efficacy in patients 
with sustained tachyarrhythmias. The role of electro- 
physiologic testing for establishing risk in the patient 
with a cardiomyopathy and CHF who has nonsustained 
ventricular tachycardia remains uncertain, controversial 
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% with 

VPB or % with 

Couplets NST 
Huang* 35 93 60 
Wilson* 77 71 50 
Meinertz? 74 87 49 
Maskint 35 92 71 
Von Olshausen*? 60 95 80 
Holmes’ 31 87 39 
Chakko!4 43 88 51 
Francis! 346 81 28 
Unverferth!® 69 NA 41 
Costanzo Nordin" 55 76 40 
Neri!? 65 95 80. 
Overall 890 78 4E 


* JACC 1983,2:403;} Am Hear J 1984;107:896,;*? Br Heart J 1984.61:905;5 Am J 
Cardio! 1985;55:146; lAr J Tardial 1986,57:3B; ‘ Cathet Cardiovasc Diagn 
1985; 11:445. 

NA = not available; NSVT = nonsustained ventricular tachycardia; VPB = ventricu- 
lar premature beats. 


and investigational as data are conflicting (Table VII). 
The number of pa-ients involved is small and protocols 
and endpoints have varied. Moreover, the patients with 
a decreased ejecticn fraction, but no clinical CHF, are 
often included. 

Effect of treatment of congestive heart failure on 
ventricular arrhythmia and survival: Given the high in- 
cidence of sudden cardiac death in patients with a car- 
diomyopathy and CHF, an important question is 
whether treatment of CHF can decrease the fr2quency 
of ventricular arrhythmia and sudden death mortality. 
Some of these azents have been shown to decrease 
death from CHF However, data about their role for 
suppressing ventrizular arrhythmia and preventing sud- 
den death are spérse and disappointing. A few studies 
evaluating the effects of direct-acting vasodilators on 
symptoms or survival reported the effect of this treat- 
ment on arrhythmia (Table VIII). No benefit from iso- 
sorbide dinitrate> or hydralazine® was observed, while 


TABLE Ili Total Cardiac Mortality and Sudden Cardiac Death in Patients with Congestive -eart Failure 


Follow-Up 
Study n (mos) 
Francis* 159 20 
Huang* 35 34 
Sakurai? 190 NA 
Wilsont 77 12 
Meinertz? 74 11 
Maskin 35 NA 
Von Olshausen! 60 12 
Holmes‘ 43 14 
Chakko!4 43 16 
Franciosa** 182 12 
Massiett 56 13 
Leet? 178 36 
Burggrafs$ 28 60 
Cohnil 106 1-62 


Overall 1,266 
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Total Sudden 
Deaths (%) Deatr 
73 (46) 46 
4 (11) 2 
87 (46) 19 
77 (100) 19 
19 (26) 12 
25 (71; 1 
7 (12° 3 
14 (33° 12 
16 (37° 10 
88 (48° 40 
29 (52; 13 
155 (76: 57 


TABLE II Factors Predisposing to Arrhythmia in Patients 


with Congestive Heart Failure 


Underlying structural disease—abnormail substrate 
Electrolyte abnormalities 
Potassium 
Magnesium 
Hemodynamic abnormalities 
LV dysfunction and contraction abnormalities 
Stretch on myocardium-——increased ventricular volume 
Increased ventricular pressure 
Ischemia 
Neurohormonal changes 
Renin angiotensin 
Sympathetic nervous system 
Therapeutic interventions 
Digoxin 
Diuretics 
8 agonists 
Phosphodiesterase inhibitors 
Vasodilators 
ACE inhibitors 


ACE = angiotensin-converting enzyme; LV = left ventricular. 


with minoxidil,’ there was a trend toward increased ar- 
rhythmia. While tae impact of phosphodiesterase inhib- 
itors (amrinone ard milrinone) on survival has not been 
adequately studied, these positive inotropic agents may 
have an adverse effect on ventricular arrhythmia.® The 
orally active 8 agonists have an uncertain effect on sur- 
vival and may provoke arrhythmias.’ Diuretics may also 
play an important role in arrhy-hmogenesis due to elec- 
trolyte depletion, especially hypokalemia and low mag- 
nesium, which are factors known to increase the fre- 
quency of ventricular arrhythmia in patients with heart 
disease. Angiotersin-converting enzyme inhibitors de- 
crease mortality from CHF and there have been inter- 
esting findings wizh respect to their effect on ventricular 
arrhythmias. Captooril does decrease ventricular ar- 
rhythmia, although enalapril is of less benefit,!!! sug- 
gesting that this effect is independent of inhibition of 
angiotensin II. These studies, however, did not report 
mortality data. 
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TABLE IV Relation Between Ventricular Ectopic Activity 
and Sudden Cardiac Death in Patients with Congestive 
Heart Failure 


Follow-Up ' Relation of 
(mos) VEA to SCD 


Huang* 

Wilson* 

Meinertz3 

Von Olshausent 

Hoimes* 

Chakko!4 

Unverferth'5 

Costanzo-Nordin’ 

Follansbeel 

Gradman? 

* JACC 1983:2:403; t Br Heart J. 1984;51:995: + Am J Cardiol 1985;55:146; 
S Cathet Cardiovasc Diagn 1985;11:445; Am J Med 1980;92:741; * JACC 


1989;14:564, 
SCD = sudden cardiac death; VEA = ventricular ectopic activity. 


t++O+4+4 0400 


Sudden Death ('%) 


Duration 
of No 

Monitoring Follow-Jp Complex Complex 
(hrs) VEA 


Bigger! 
Kotler* 
Moss? 
Mukharji 
Rappaport? 
Rubermané 
Vismaral 
Schultz! 
* Circulation 1973;47:959; ' Circulation 1979;60:958; * JACC 1983;1:391;5 N Engi 


J Med 1977:297:750; | Am J Med 1975;59:6:" Am J M2d 1977;62:192. 
VEA = ventricular ectopic activity. 


TABLE VI Percent Sudden Death at 1 Year 


No Complex VEA Complex VEA 
LV LV LV LV 
intact Dysfunction intact Dysfunction 


Bigger! 
Mukharji2 
Ruberman* 
Schultzt 


* N Engl J Med 1977;297:750:' Am J Med 1977,62:192. 
LV = left ventricular; VEA = ventricular ectopic activity. 





The effect of treatment for CHF on outcome has 
now been reported by several large multicenter studies. 
In the Cooperative North Scandinavian Enalapril Sur- 
vival Study (CONSENSUS), enalapril decreased mor- 
tality by 27% compared to placebo.!* However, the de- 
crease was entirely due to a reduction in death from 
progressive CHF. The largest trial to date evaluating 
the effect of CHF therapy on mortality is the Veterans 
Administration Cooperative Study on Vasodilator Ther- 
apy of Heart Failure! involving placebo, hydralazine or 
prazosin. Those receiving hydralazine and nitrate thera- 
py, but not the prazosin group, had a 28% decrease in 
mortality compared to placebo. However, no specific 





TABLE VII Predictive Accuracy of Electrophysiologic 
Studies in Patients with Cardiomyopathy and 
Nonsustained Ventricular Tachycardia 


No. with No, Follow-Up 


Study Cardiomyopathy Inducible (mas) Predictive 


Veltri* 
Sulpizit 
Das* 
Poll§ 
Gomes! 
Zheutlin' 
Buxton* * 
tAm J Cardiol 1985;56:309; tArm J Cardiol 1987;59:841; tAm J Cardiol 
1986;58:999; 8Am J Cardiol 1936;58:992: } Circulation 1984;70:43; ‘ Am Heart J 


1986;111:850;** Am J Cardiol 1984;53:1275. 
* Only noninducibility predictive. 


TABLE Vill Treatment of Congestive Heart Failure—Effect 
on Ventricular Arrhythmia 


Effect on 


Study Drug Arrhythmia 


© 


Isosorbide 
dinitrate 


Franciosa? 


Franciosa® 
Franciosa’ 
Packer* 
Andersont 
Ferrickt 
Holmes’ 
DiBianco® 
Ludmer! 
Sharma? 
Mettauer? 


Hydralazine 
Minoxidil 
Amrinone 
Milrinone 
Milrinone 
Milrinone 
Milrinone 
Milrinone 
Pirbuterol 
Salbutamol 


Cleland? 
Captopril-Digoxin 
Multicenter 
Group** 
Cleland}? 
Webstertt 
* Circulation 1984;70:1038; t Am Heart J 1986;111:461; * Circulation 
1986;74(supp! W):-508; $ Circutation 1984:70(supp! iŅ:l-11; tAm J Cardiol 
1987:59:1351;" Am Heart J 1985;104:840; ** JAMA 1988;259-539; © Am J Cardiol 


1985;56:566. 
VPBs = ventricular premature beats. 


Captopril 
Captopril 


tO OO 


Enalapril 
Enalapril 





analysis was performed to establish the cause of death 
or the impact of therapy on the occurrence of ventricu- 
lar arrhythmia. 

In conclusion, some direct-acting vasodilators and 
angiotensin-converting enzyme inhibitors have been 
shown to decrease symptoms from CHF and improve 
quality of life. Their effect on ventricular arrhythmia is 
variable but probably clinically unimportant. While 
they have been shown to improve survival by decreasing 
the mortality due to CHF, they have not been shown to 
affect sudden death mortality. 

Role of antiarrhythmic drug therapy in preventing 
sudden death in patients with a cardiomyopathy and 
congestive heart failure: The association between sud- 
den death and ventricular arrhythmia remains uncer- 
tain and controversial and the role of antiarrhythmic 
drugs for suppressing nonsustained ventricular tachy- 
cardia and preventing sudden death in patients with a 
cardiomyopathy and CHF remains unknown as there 
are only a few studies. Chakko and Gheorghiade!4 ran- 
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TABLE IX Randomi-2d Trials of Antiarrhythmic Drugs In Patients Post Myocardial Infarction 


Morgensen* 
Bennett? 

Liet 

Ryden’ 
Campbell! 
Chamberlain 
IMPACT** 
Hugenholtztt 
Gottleib** 
Joness$§ 
Holmberg! 
Jennings** 
Zainel* ** 
Koch Weserttt 
Kosowsky**# 
Collaboratives 


Lidocaine 
Lidocaine 
Lidocaine 
Tocainide 
Mexiletine 
Mexiletine 
Mexiletine 
Aprindine 
Aprindine 
Quinidine 
Quinidine 
Disopyramide 
Disopyramide 
Procainamide 
Procainamide 
Phenytoin 


Peterll Phenytoin 
CAST#*s Enca'nide 
Flecainide 


% Mortality or Sudden 
Cardiac Death 
Duration of 
Therapy Placebo 


days 
days 
days 

6 months 
4yrs 

lyr 

lyr 

lyr 

lyr 

3 days 
15 days 
lyr 

3 weeks 
3 weeks 
lyr 

lyr 

2 yrs 

10 months 


* Acta Med Scand Supp! 970;513:1;+ Lencet 1970;2:909;* N Engi J Mec’ 1974;291:1324;5Am Heart J 1980;100:100€;' J Cardiovasc Pharmacol 1979;1:43; ‘ Lancet 
1980;2:1224; ** JACC 19E1;4:1148; tt Management of VT: Role of Mexiletine In Sandoe E, Julian DG, Bell JW (eds). 1978: £723+ Circulation 1987; 75:79258 Am J Cardiol 1974; 
33:655; Acta Med Scand 367; 181:2975" Lancet 1976;1:51;*** Lancet 1977;2:887; 111 N Engl J Med 1969;281:1253; t+: Circulation 1973;47:1204: $$$ Lancet 1 971;2:1055; 


Il Br Heart J. 1978;42:1355;""" N Engl J Med 1989;321:406. 


domized 23 patiects with a cardiomyopathy and ven- 
tricular arrhythmi- to therapy with either procamamide 
or quinidine while 20 patients did not receive antiar- 
rhythmic therapy. During the follow-up, there were 16 
deaths, 10 of which were sudden; this was independent 
of therapy. Howexsr, the role of antiarrhythmic drugs is 
uncertain because therapy was not guided by arrhyth- 
mia suppression. In the report of Unverferth et al,!> 24 
of 69 patients we-e treated with antiarrhythmic drugs. 
The 1-year mortaity was not affected by drug therapy. 
However, as with the previous study, no conclusions are 
possible as data bout the effect of these drugs on the 
suppression of arrhythmia are not supplied. Parmley 
and Chatterjee! reviewed the outcome of 26 patients 
with CHF and complex arrhythmia who were treated 
with procainamic=, cuinidine or amiodarone. This was 
not a randomizec study and the effect of the drugs on 
arrhythmia freqrency is not commented upon. How- 
ever, sudden dea-h mortality was decreased in patients 
receiving antiarr-ythmic drugs. Neri et al!’ reported on 
41 patients with a dilated cardiomyopathy who were 
treated with am_odarone. The drug significently de- 
creased the frequency and complexity of ventricular ar- 
rhythmia as well as sudden deaths (0 versus 4 3n place- 
bo). While it appears that those with nonsusta.ned ven- 
tricular tachycar-lia are at an increased risk fcr sudden 
death, it is uncleer if the suppression of such arrhythmia 
by antiarrhythm_c drugs will prevent this outcome. 
The role of _ntiarrhythmic drugs in patients with 
nonsustained vertricular tachycardia and left ventricu- 
lar dysfunction <fter a myocardial infarction is also of 
unproven benefit A number of randomized antiarrhyth- 
mic drug studie in such patients have not reported a 
decrease in mor-ality (Table LX). However, rone were 
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designed as arrhythmia suppression trials and for this 
reason the National Institutes of Health initiated the 
Cardiac Arrhythmia Suppression Trial (CAST). A re- 
cent report from the CAST investigators indicated that 
there was an increase in arrhythmic mortality in pa- 
tients treated with encainide and flecainide compared to 
placebo.!® The role of antiarrhythmic drugs in the post- 
infarction patient is therefore still unknown, although 
the CAST results suggest that these agents are of no 
benefit and may indeed be harmful. 

In contrast to the studies of antiarrhythmic drugs, a 
number of randomized postmyocardial infarction £8- 
blocker trials have reported a decrease in sudden death 
(Table X). Most of the studies do not separately ana- ` 
lyze the outcome of patients with decreased left ventric- 
ular function and the effect of 8 blocker on ventricular 
arrhythmia was not systematically evaluated. However, 
in a subgroup analysis of the -Blocker Heart Attack 
Trial (GHAT), Furberg et al!? reported that the differ- 
ence in mortality between the placebo and propranolol- 
treated groups was more pronounced in patients with 
decreased left ventricuiar function. In another analysis 
of the SHAT data, Chadda et al2° reported a 47% de- 
crease in sudder. death among the propranolol-treated 
patients who had CHF complicating the myocardial in- 
farction compared to only a 13% decrease in sudden 
death among the propranolol-treated patients without 
CHF. 

Beta blockers have also been used in patients with 
cardiomyopathy. Anderson et al*! randomly assigned 50 
patients with CHF to -eceive standard therapy alone or 
with metoprolol. While there was no difference in out- 
come between the groups when analyzed by intention to 
treat, there was a favorable trend in survival in the 


TABLE X Randomized Trials of 8 Blockers in Patients After a Myocardial infarction 


Snow, Manc* 
Multicenter? 
Balcon* 
Norris 
BHAT! 
Norwegian‘ 
Wilhelmson** 
Ahimark?t 
Andersont? 
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Hjarimarson!! 
Norwegian*$ 
Julian * ** 
Taylorttt 


Propranolol 
Propranolo 
Propranolo 
Propranolo. 
Propranolol 
Propranolol 
Alprenolol 
Alprenolol 
Alprenolol 
Practolol 
Metoprolol 
Timoloi 
Sotalol 
Oxprenolol 


% Mortality or Sudden 

Cardiac Death 
Duration of 
Therapy 


28 days 
28 days 
28 days 
3 weeks 
2 yrs 
lyr 

2 yrs 
lyr 
lyr 
lyr 

90 days 
33 months 
lyr 
6yrs 


Placebo 
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1974:1;1563;*+ Lancet 1974;2:865; 39$ Br Med J 1977;2:419; Íl ancet 1981 ;2:823,"" N Engel J Med 1981;304:801; *** Lancet 1982;1:1142;1tt N Engl J Med 1982:307:1293. 


group receiving metoprolol when analyzed for actual 
treatment received. Swedberg et al? reported a signifi- 
cant increase in survival in 24 patients treated with me- 
toprolol, but there was no comparative placebo group, 
only historical control subjects. Unfortunately, neither 
of these studies addressed the effect of 6 blockade on 
ventricular arrhythmia. Beta blockers are the only class 
of drugs shown to have an effect on sudden death in 
patients with CHF due to an acute myocardial infarc- 
tion or a cardiomyopathy. 

Limitations of antiarrhythmic drug therapy in pa- 
tients with congestive heart failure: The use of antiar- 
rhythmic drug therzpy in patients with clinically signifi- 
cant CHF is limited by a low rate of efficacy and an 
increased risk of drug-induced toxicity. Hohnloser et 
al”? reported that left ventricular ejection fraction was 
an independent predictor of drug efficacy and long-term 
outcome on drug. When the ejection fraction was <35% 
(mean 24), drugs were effective in only 34% of trials, 
while the efficacy rete was 46% when the ejection frac- 
tion was >35% (p = 0.03). The ejection fraction was 
significantly lower (29%) in patients without successful 
pharmacologic control of arrhythmia compared to those 
in whom arrhythmie was suppressed (42%, p = 0.017). 
During long-term follow-up, patients with recurrent ar- 
rhythmia had a left ventricular ejection fraction of 31% 
compared to 44% in those free of arrhythmia recur- 
rence. Pratt et al24 reported on 50 patients receiving 
ethmozine in whom the average ejection fraction was 
lower (29%) when drug therapy was discontinued be- 


cause of inefficacy when compared to the ejection frac- 


tion of those continuing drug therapy (40%, p <0.01). 
Similar results were reported by Hession et al who 
observed that 35% of patients with a left ventricular 
ejection fraction >40% responded to ethmozine com- 
pared to an 18% response rate when the ejection frac- 
tion was <40%. In a study of tocainide in 228 patients, 
Hohniloser et al% reported that the ejection fraction was 
lower in nonresponders (37 vs 43%). Tordjman et al?’ 





reported on encainide in 102 patients and in those with 
an ejection fraction >35%; the response rate was 50% 
while only 29% of those with a value of <35% respond- 
ed to the drug (p <0.03). 

Another problem is that in the presence of CHF, 
drug pharmacokinetics are significantly altered, initially 
affecting blood levels which in turn affect dose require- 
ments.?8 The plasma concentration of the drug is relat- 
ed to its volume of distribution and, when decreased, as 
occurs in CHF, a result of a reduction in tissue perfu- 
sion, the plasma concentration of the drug is greater.”° 
In CHF, the decreased tissue perfusion also causes 
changes in distribution, metabolism and clearance of 
the antiarrhythmic agents, a result of a decrease in 
blood flow to the kidneys and liver. Additionally, there 
is a decrease in hepatic metabolic enzyme activity. As a 
result, the metabolism and clearance of these agents are 
impaired, causing an increase in the elimination half- 
time.?8 Also, the time required to reach a steady blood 
level state at any given dose of drug administered is in- 
creased and the dose of the antiarrhythmic drug admin- 
istered to those with CHF should be decreased and the 
upward dose titration carried out very slowly and cau- 
tiously in order to avoid excessive blood levels and 
toxicity. 

Patients with CHF usually receive a number of oth- 
er cardioactive drugs, especially digoxin, and drug-drug 
interactions have been reported.?® Diuretic drugs are 
usually prescribed to patients with CHF and the inci- 
dence of diuretic-induced hypokalemia and low magne- 
sium is substantial; this may be responsible for the prov- 
ocation of sustained ventricular arrhythmias in vulnera- 
ble patients who have underlying myocardial disease 
and poor left ventricular function.*? Additionally, hypo- 
kalemia may interfere with and negate antiarrhythmic 
drug activity by enhancing membrane automaticity and 
excitability and decreasing the refractory period.” Hy- 
pokalemia and perhaps low magnesium may be associ- 
ated with an increased risk of antiarrhythmic drug-in- 
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duced arrhythmia azgravation, especially the precipita- 
tion of torsade des ointes.*! 

Aggravation of arrhythmia is a serious complication 
caused by each of tie antiarrhythmic drugs.** This has 
been defined as an exacerbation of a preexisting ar- 
rhythmia or the prcyocation of new arrhythmia for the 
patient. The overal incidence is 9% when noninvasive 
methods are used wnile the incidence is 18% when elec- 
trophysiologic testing is used. The only factors associ- 
ated with an incresed risk of arrhythmia aggravation 
are the nature of te presenting arrhythmia anc pres- 
ence of left ventricu_ar dysfunction and CHF.*? The av- 
erage ejection fract.on in patients who experienced ar- 
rhythmia aggravation was lower (37%) compared to the 
value in those without this complication (43%, p = 
0.08). However, patients with an ejection fraction 
<35% and a history of CHF had a greater risk (odds 
ratio 2.2) for experiencing this complication compared 
to those in whom tue ejection fraction was >35% (p = 
0.04). 

Another import_nt and serious cardiac complication 
of antiarrhythmic Crugs is the precipitation or execerba- 
tion of CHF. In a retrospective review of 100 patients 
receiving therapy vith disopyramide, Podrid et al? re- 
ported that 55% of patients with a history of CHF had 
an exacerbation of CHF while this complication devel- 
oped in 5% of tho-e without a previous history of left 
ventricular decompensation. In a retrospective review of 
their experience wth the newer antiarrhythmic drugs, 
Ravid et al*4 repor-ed a 1.9% overall incidence cf CHF 
exacerbation. Hovever, among those with a medical 
history of CHF, tke incidence was 3.8%. All but 1 pa- 
tient who experieneed this complication had a history of 
CHF. The only pr-dictors of an increased risk cf drug- 
induced CHF wer: a clinical history of CHF, a cardio- 
myopathy and an 2jection fraction <35%. 

While most stuclies have reported that serious cardi- 
ac complications «ccur primarily in patients with ad- 
vanced heart disezse, clinical CHF and markedly de- 
creased left ventriculér function, the recently reported 
results of CAST a e disturbing.!® This trial involved pa- 
tients with asymptomatic ventricular arrhythmia after z 
myocardial infarcion who had mild-to-moderate left 
ventricular dysfunction but no overt clinical CHF. Pa- 
tients were randonized to receive encainide, flecainide, 
moricizine (ethmczine) or placebo with therapy based 
on suppression of -rrtythmia. After a 10-month follow- 
up, there was an cxcessive total number of carciac and 
sudden deaths in tae patients receiving encainidz or fle- 
cainide compared io placebo (56 vs 22 total deeths and 
33 vs 9 sudden deaths). While the results of this study 
in postmyocardial infarction patients cannot be applied 
to other patient groups or other antiarrhythmic drugs, it 
does highlight the potential hazards of the antiarrhyth- 
mic drugs even i2 a healthier group of patierts. This 
provides even further concerns about the use o? antiar- 
rhythmic therapy -n sicker patients with CHF who have 
asymptomatic armythmia. While such patients may be 
at an increased rk of sudden death, there are no data 
that these drugs :re of benefit, but may be potentially 
hazardous in this patient group. Given this unfavorable 
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risk-benefit ratio, antiarrhythmic drug therapy should 
not routinely be administered to patients with a cardio- 
myopathy and CHF who have asymptomatic ventricu- 
lar arrhythmia. 

In conclusion, while asymptomatic nonsustained 
ventricular tachycardia may identify the patient with 
CHF who is at increased risk for sudden death, the data 
are contradictory. It is unproven if suppression of this 
arrhythmia will prevent sudden death. Given the rela- 
tively low efficacy of the antiarrhythmic drugs in pa- 
tients with CHF, the increased risk of cardiac toxicity, 
especially arrhythmia aggravation in such patients, and 
the potential for increased mortality, routine treatment 
of asymptomatic ventricular arrhythmia in these pa- 
tients is not justified until such time as there are better 
methods for identifying the individual patient at risk. 
Each patient should be considered individually with at- 


‘tention paid to the benefit-risk ratio. 
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Are Nitrates Effective in the Treatment of 





Chronic Heart Failure? Antagonist’s Viewpoint 


Milton Packer, MD 


Why shouldn’t the truth be stranger thar fiction? 
Fiction, after all, has to make sense. . 
—Mark Twain 


t first glance, nitrates would appear to te a 

A sion! approach to the treatment of chronic 
congestive Leart failiire (CHF). Nitrates act 

to attenuate the peripheral vasoconstriction that con- 
tributes to the hemodynamic. derangements in this 
disorder; a5 a result, these drugs consistently imp-ove 
cardiac performance when administered alone cr in 
combination with cther vasodilators. In addition. ni- 
trates act as coronary vasodilators to improve myo- 
cardial blood flow this effect may be particularly 
important in CHF, since ischemia may play a rode in 
the progression of left ventricular dysfunction. Even 
in the absence of an antiischemic effect, nitrates 
might reduce the long-term morbidity and mortality 
in this disorder, since these drugs can minimize the 
progressive ventricular enlargement that is cherac- 
teristic of worsening CHF.' Finally, nitrates are well 
tolerated by most patients with chronic CHF; these 
drugs cause hypotension, renal insufficiency, techy- 
cardia or fluid retention much less frequently than 
other vasodilators. Hence, it is not surprising that 
most physicians use nitrates in the treatment of this 
disease, although nearly always in combination with 
digitalis, diuretics and a converting-enzyme inhibitor. 
The results of controlled clinical studies, however, 
have raised consid2rable doubts about the efficacy of 
nitrates in the treatment of chronic CHF. Such 
doubts are not new. Physicians have questioned the 
long-term efficacy of nitrate therapy for over 100 
years.” At the tura of the century, nitroglyceria was 
widely used to reduce blood pressure in patients with 
systemic hypertersion, until careful studies showed 
that the short-term hypotensive actions of nitroglyc- 
erin did not persist during prolonged therapy.*? Con- 
sequently, as moze effective antihypertensive drugs 
were developed, the use of nitrates in the manage- 
ment of this disorder disappeared. During the next 
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50 years, nitrates were primarily used in the manage- 
ment of ischemic heart disease. However, although 
nitroglycerin could abort the acute anginal attack, 
many physicians doubted whether prophylactic ther- 
apy with long-acting preparations was efficacious.’ 
Initially, this lack of efficacy was attributed to the 
uncertain bioavailability of these drugs,’ but recent 
studies have shown that even the delivery of ade- 
quate quantities of nitrates into the systemic circula- 
tion (either continuously or at frequent intervals) 
does not prevent the onset of effort-induced angi- 
na.°’ Clinical benefits are seen only when long ni- 
trate-free intervals are incorporated into the dosing 
regimen,” but such an approach produces intoler- 
able headaches and is accompanied by a high risk of 
rebound ischemia during the nitrate-free intervals.® 
Consequently, enthusiasm for the use of nitrates in 
ischemic heart disease has waned, especially as other 
effective drugs for this condition have been intro- 
duced. 

Given the disappointing experience with nitrates 
in the treatment of hypertension and angina, can we 
expect nitrates to be effective in the treatment of 
chronic CHF? The first report on the usefulness of 
nitroglycerin in patients with CHF was published by 
Johnson et al? in 1957. Since that time, nitrates have 
enjoyed wide acceptance by the medical community, 
largely based on the results of short-term (and un- 
controlled) studies reporting dramatic benefits of 
treatment. Nitrates have been used largely because 
physicians believed that vasodilator therapy made 
sense, and (until recently) few other vasodilators 
were available. Unfortunately, reasonable approach- 
es to treatment do not always prove to be effective 
ones. 

In this report we show that the doubts that have 
been raised about the efficacy of nitrates in the treat- 
ment of hyperterision and exertional angina should 
also be raised with respect to their use in chronic 
CHF. We address 3 central questions: (1) Do ni- 
trates produce long-term hemodynamic improve- 
ment? (2) Do nitrates produce long-term symptom- 
atic benefits and enhance exercise tolerance? (3) Do 
nitrates reduce long-term mortality? 

Do nitrates produce long-term hemodynamic im- 
provement? A variety of nitrate preparations (nitro- 
glycerin, isosorbide dinitrate, isosorbide mononitrate, 
erythrityl tetranitrate and pentaerythritol tetrani- 
trate) given by a variety of routes of administration 
(oral, sublingual, intravenous, transdermal and buc- 
cal) produce consistent short-term hemodynamic 


benefits in patients with chronic CHF, regardless of 
the cause of left ventricular dysfunction or the sever- 
ity of symptoms. These short-term hemodynamic 
benefits are similar (and often superior) to the short- 
term effects of other vasodilator drugs (e.g., the con- 
verting-enzyme inhibitors),!° whose efficacy in the 
treatment of chronic CHF is established. 

NITRATE TOLERANCE: There is considerable doubt, 


however, that the beneficial short-term effects of ni- . 


trates seen in patients with CHF can be sustained 
during long-term therapy. When given continuously 
(either transdermally or intravenously), the initial 
hemodynamic benefits of nitroglycerin are nearly 
completely lost after 24 to 48 hours of treatment.!!/2 
This tolerance can be prevented by the intermittent 
administration of nitroglycerin, but a nitrate-free in- 
terval of at least 8 to 12 hours is necessary to main- 
tain responsiveness to the drug.!?!4 Tolerance also 
develops to orally administered nitrates; the hemody- 
namic effects of oral isosorbide dinitrate become rap- 
idly attenuated when doses are given every 4 or 6 
hours, but not when the interdosing interval is in- 
creased to every 8 or 12 hours.'>!6 These observa- 
tions in patients with CHF are strikingly similar to 
those reported in patients with angina.’ 

At first glance, these results would appear to con- 
tradict the conclusions reached in 2 placebo-con- 
trolled trials, which reported sustained hemodynamic 
effects during long-term treatment with oral isosor- 
bide dinitrate, even though the drug was adminis- 
tered 4 times daily.!™18 Both studies, however, evalu- 
ated only the first of the 4 daily doses of the drug, 
and this dose was usually administered in the morn- 
ing after the patient had received no nitrates since 
the previous evening—a nitrate-free interval of about 
10 to 12 hours. The second, third and fourth doses 
(which were given at intervals of 4 to 6 hours) were 
never evaluated. Moreover, because hemodynamic 
measurements require intravascular instrumentation, 
the need to perform invasive procedures on the morn- 
ing of the hemodynamic study invariably delays the 
administration of the dose of isosorbide dinitrate to 
be tested; this may further prolong the nitrate-free 
interval (up to 14 hours!’). Such delays may be long 
enough to restore nitrate responsiveness’ in patients 
who had developed tolerance to their dosing regimen. 
Even these long intervals, however, may not com- 
pletely reverse the development of tolerance.!® 

There is now compelling evidence that the devel- 
opment of tolerance can limit the use of nitrate ther- 
apy in the treatment of chronic CHF. Although 
twice-daily (and perhaps 3-times-daily) dosing may 
maintain hemodynamic responsiveness, these dosing 
regimens have not been evaluated in controlled clini- 
cal trials. 

Do nitrates produce long-term symptomatic 
benefits and enhance exercise tolerance? The only 
means of assessing the clinical efficacy of nitrates in 
the treatment of chronic CHF is to examine the data 
derived from well-designed, randomized, placebo- 
controlled trials. The results of uncontrolled studies 


are always difficult to interpret, since both the symp- 
toms and the exercise tolerance of patients with 
CHF can respond favorably to treatment with place- 
bo.!? When the identity of a drug is known both to 
the patient and the physician, it is not infrequent for 
the drug being tested to be deemed effective, only for 
the reverse conclusion to be reached when the study 
is conducted under double-blind conditions. The 
challenge in any controlled clinical trial is to demon- 
strate that the improvement seen in patients receiv- 
ing active therapy is greater than the improvement 
seen in patients treated with placebo (a “between- 
groups” analysis). All too often, however, the anal- 
ysis focuses only on the statistical significance 
achieved in’ the actively treated group and ignores 
the changes produced by placebo (a “within-group” 
analysis). Such an approach is inappropriate, even if 
the changes in the placebo group are not statistically 
significant. 

CONTROLLED CLINICAL TRIALS: Five controlled trials 
have investigated the long-term efficacy of nitrates in 
the treatment of chronic CHF.!71820-22 All 5 trials 
evaluated patients with class II and HI CHF who 
were taking digoxin and diuretics, and all utilized a 
target dose of 40 mg of isosorbide dinitrate (or 
matching placebo) which was given 4 times daily. 
Four of the 5 trials evaluated only small numbers of 
patients (16 to 39 patients per study)!?:!820.21; the 
fifth trial, although considerably larger, evaluated ni- 
trates only in combination with hydralazine. 

In 1978 Franciosa et al2° reported the results of a 
placebo-controlled, crossover study in 16 patients 
with chronic CHF, in which isosorbide dinitrate and 
placebo was given to each patient for 8 weeks. Al- 
though exercise tolerance increased during oral ni- 
trate therapy, a similar improvement was seen in pa- 
tients treated with placebo, and there was no signifi- 
cant difference in the responses between the 2 
groups. Symptoms tended to deteriorate during 
treatment with placebo, but these appeared to repre- 
sent primarily the occurrence of rebound phenomena 
that were related to the abrupt withdrawal of previ- 
ous nitrate therapy. Such rebound events, however, 
are most likely to occur in persons who have devel- 
oped tolerance to the drug—in a fashion similar to 
the events seen after the abrupt withdrawal of nar- 
cotic analgesics.?>?4 This observation (together with 
the lack of superiority over placebo with respect to 
exercise) suggests that isosorbide dinitrate was not 
an effective drug in this study. 

In 1980 Franciosa et al!’ reported the results of a 
placebo-controlled, parallel-design study in a second 
group of 16 patients with chronic CHF, who received 
either isosorbide dinitrate or placebo for 12 weeks. 
Overall, the 2 treatment groups showed similar clini- 
cal responses (4 patients in each group improved) 
and similar changes in the duration of tolerable exer- 
cise.?> Although maximal oxygen consumption at 
péak exercise increased on isosorbide dinitrate, this 
was primarily due to an unusually marked response 
in 1 patient. Overall, the investigators concluded that 
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“clinical differences between placebo- and vasodi.a- 
tor-treated patients were not apparent.”!? 

In a third contralled trial by Aranda et al,?! 30 
patients with a congestive cardiomyopathy received 
either isosorbide din.trate or placebo for 1 year, as- 
ing a parallel-group design. There was no difference 
between the 2 treatrient groups with respect to ven- 
tricular function or exercise tolerance after 3, 6, 9 or 
12 months of therapy. These results are in strik-ng 
contrast with the findings of another placebo-con- 
trolled study*® (performed by the same group of in- 
vestigators) which reported favorable effects of iso- 
sorbide dinitrate; in this latter study, however, the 
drug was given for only 2 weeks. 

The most encouraging results with the use of ni- 
trates in the treatment of CHF have been reported in 
a fourth trial (perfcrmed by Leier et al!8), in which 
patients received either isosorbide dinitrate or plece- 
bo for 3 months. Exercise tolerance was prolonged to 
a greater extent in patients receiving nitrates com- 
pared with placebo; this difference was significant af- 
ter only 1 and 2 months in one analysis? but only 
after 3 months in another.'® The functional status of 
nitrate-treated patiznts also tended to improve, al- 
though this effect was not significant. Unfortunately, 
interpretation of this study is complicated by the fact 
that during the ccurse of the trial, deaths due to 
CHF occurred more frequently in patients treated 
with isosorbide dinitrate than in patients treated with 
placebo (4 vs 1); the exclusion of these patients from 
the final analyses may have influenced the cor.clu- 
sions of the study. 

The largest study that has examined the efficacy 
of nitrates in the ~reatment of chronic CHF is the 
Veterans Administration Vasodilator Heart Failure 
Trial (V-HeFT), which randomly assigned 642 men 
to either placebo, >razosin, or a combination of iso- 
sorbide dinitrate end hydralazine for periods of 6 
months to 5.7 years.2* Even when combined with hy- 
dralazine, isosorbide dinitrate did not enhance exer- 
cise capacity of treated patients after 2, 6, 18 and 24 
months of therapy. The vasodilator combination in- 
creased exercise tolerance (compared with placebo) 
only at one time during the course of follow-up (after 
12 months, p = J.02), but this difference wes no 
longer significant when adjustments were made for 
multiple tests over time. Interpretation of these data 
is further complicated by the fact that half of the 
patients were not taking their target doses of isosor- 
bide dinitrate (or hydralazine) after 6 months be- 
cause of a high ircidence of adverse reactions.~’ 

We must conclude that, although some encourag- 
ing trends are apparent, the data from these 5 con- 
trolled trials (taken together) do not support the con- 
clusion that nitrates are an effective approach to the 
treatment of chronic CHF. 

Do nitrates reduce mortality in chronic heart fail- 
ure? No study hes evaluated the effect of long-term 
treatment with ni-rates (when used alone) on the sur- 
vival of patients with chronic CHF. In the V-HeFT 
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study, a combination of isosorbide dinitrate and hy- 
dralazine appeared to reduce mortality when com- 
pared with placebo, the difference between the 
groups being of borderline significance (p = 0.09).?’ 
Was this favorable trend related to treatment with 
isosorbide dinitrate, to hydralazire or to the combi- 
nation? Many physicians have attributed the benefits 
seen in V-HeFT tc the use of ‘sosorbide dinitrate 
alone, since nitrates may exert a favorable effect on 
mortality in other clinical settings.” Analysis of the 
mortality data in the V-HeFT study, however, fails 
to support this belief. In the V-HeFT trial, the im- 
provement in survival was related to an improvement 
in the left ventricular ejection fraction; patients 
whose ejection frac-ion increased by at least 3% (re- 
gardiess of treatment assignment) fared better than 
those whose ejection fraction showed little change or 
decreased.” Therefore, patients treated with isosor- 
bide dinitrate and Lydralazine presumably fared bet- 
ter in the V-HeFT study because the combination 
increased the ejection fraction more than placebo.”? 
This observation confirms an earlier report by Un- 
verferth et al.,°° who first noted that long-term treat- 
ment with the comoination of hydralazine andisosor- 
bide dinitrate improves systolic function(compared 
with placebo); mcst important, this hemodynamic 
benefit was associated with regression of myocardial 
cellular hypertropty. In the Unverferth study, how- 
ever, the improvement in systoli> function and myo- 
cardial hypertrophy that was seen with the vasodila- 
tor combination was entirely related to treatment 
with hydralazine and was not seen with isosorbide 
dinitrate alone. These data suggest that any benefi- 
cial effect of vasodilator therapy seen in the V-HeFT 
study was more likely to be related to hydralazine 
than to treatment with nitrates. Therefore, the effect 
of nitrate monoth2rapy on the mortality of chronic 
CHF remains uncefined. 

Conclusions: The arguments presented in this re- 
port lead to a single conclusion: Few data are avail- 
able to support the widespread belief that nitrates are 
effective drugs in the treatment of chronic CHF. At 
least in the doses end dosing regimens that have been 
utilized in controlled trials, therapy with nitrates 
does not produce dredictable long-term hemodynam- 
ic or clinical bene=its. Although mortality may be fa- 
vorably affected when nitrates are combined with hy- 
dralazine, this benefit appears to be more closely re- 
lated to the use of hydralazine than to the use of 
nitrates. 

Can we therefore conclude that nitrates are 
worthless drugs im the treatment of CHF? No. Cur- 
rent studies are plagued by inherent flaws in design 
and interpretation; future trials (if better executed) 
may demonstrate a favorable effect of nitrates in 
these patients. Yet, the problem with nitrates lies not 
only in the design of studies but also with the drugs 
themselves. Tolerance is the irevitable result of any 
attempt to use nitrates to produce round-the-clock 
hemodynamic improvement. To the extent that such 





a goal is important in improving the clinical status of 
patients with CHF, we will almcst certainly need to 
turn to other vasodilator drugs. 
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Future Perspectives in the Management of 
Congestive Heart Failure 


Philip A. Poole-Wilson, MD 


advances in cardiovascular medicine had their ori- 

gins in the basic-sciences. To a large extent, tkat is a 
self-evident truth because advances in medicine, other 
than those occurring entirely by serendipity, must occur 
within the limits of available biologic knowledge. Fur- 
thermore, Comroe and Dripps did not report on the pro- 
portion of work in the basic sciences that never had clin- 
ical application. 

In the last decade, advances in technology (angio- 
plasty, pacing), biochemistry (thrombolysis) and phar- 
macology (angiotensin-converting enzyme inhibitors, 
calcium antagonists, lipid-lowering drugs) have had 
a major impact on the treatment of cardiovescular 
diseases. In the context of congestive heart <ailure 
(CHF), understanding of the underlying physiolozy has 
changed, old drugs are being used in new ways, new 
drugs have been ciscovered and transplantaticn has 
emerged as an effective novel form of therapy. In an 
adjacent article, Katz has identified some of the more 
recent scientific advances in the understanding of CHF, 
including the application of molecular biology to cardio- 
vascular disease. Nct all these advances will lead to im- 
portant changes in ~herapy and benefit to patients. For 
the clinician, the key question is whether such knowl- 
edge can be appliec to clinical problems, or, put more 
bluntly, “so what?” The successful application of scien- 
tific advances to clinical problems is often just as diffi- 
cult as the original elucidation of the basic scienze. 

Definition of heart failure: Heart failure is a generic 
phrase that includes many clinical syndromes. Often, 
adjectives have been added to the term “heart failure” 
in order to convey useful information between doctors. 
Thus, there is forward and backward, right and left, 
high and low output, systolic and diastolic, acute, shron- 
ic, relapsing and coagestive heart failure. In general, it 
is sufficient to consider only acute heart failure, circula- 
tory collapse and chronic heart failure. This report is 
concerned with chronic heart failure. 

Many definition: of heart failure have been put for- 
ward (Table I). Mo:t have emphasized 1 or more physi- 
ologic or biochemical aspects of heart failure and have 
been concerned with the scientific understanding of the 
condition. Physicians, on the other hand, use the shrase 
to describe a clinical syndrome and convey information 
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between themselves. A practical definition is that heart 
failure is a clinical syndrome, caused by an abnormality 
of the heart and recognized by 2 characteristic pattern 
of hemodynamic renal, neural and hormonal responses.? 

Causes of heart failure: Traditionally, once abnor- 
malities of cardiac rhythm, valves or pericardium have 
been excluded, CHF is attributed to coronary artery 
disease or described as a cardiomyopathy. Cardiomyop- 
athy is divided on descriptive grounds into dilated, hy- 
pertrophic and restrictive. The major division is between 
those patients with coronary artery disease and those 
with dilated cardiomyopathy. 

This classification of CHF is too simple. Further 
subsetting of patients £s likely to lead to specific groups 
of patients who will benefit from particular treatments. 
An alternative approach to the description of patients 
(Table IT) is based on the work cf Linzbach.* The most 
common cause of CHF is a decrease of the muscle mass 
available to bring about contraction. This usually results 
from myocardial infarction. A second common cause is 
incoordinate contraction in the presence of coronary ar- 
tery disease. The remaining causes of CHF can be con- 
sidered as either being extracellular or cellular. In the 
past, the presumption has been that patients with CHF 
have a cellular abnormality of systolic contraction. It is 
possible that in many patients, CHF is due to ‘alter- 
ations in the architecture of the heart, the shape of the 
ventricle, slippage of adjacent cells and embedding of 
cells in a network of fibrosis. There would not have to 
be any abnormality of the myocyte itself. Numerous 
cellular abnormalities have been described, including ` 
down-regulation of 8 receptors,*° decreased cyclic- 
adenosine monophosphate,® increased Gi proteins,’ de- 
creased myocardial catecholamines,’ loss or alteration 
of the contractile proteins, abnormal function of the sar- 
coplasmic reticulum, altered calcium homoeostasis,? 
changes in the cytoskeleton and disease of small ves- 
sels.!° Although a decrease in contractile strength would 
be expected, experiments on isolated muscle have not 
shown a decreased response to a high concentration of 
extracellular calcium (Table IID.>%?!! The nature of 
any systolic abnormality of the myocardium in CHF 
must be more complex. The rate of contraction has in 1 
report been shown to be unaltered,!! but diastolic ab- 
normalities have been identified, notably a delay in re- 
laxation of the myocardium.®? 

The response of the body to CHF is similar regard- 
less of the etiology of the CHF “Table IV). 

Systolic or diastofc heart failure: Diastolic heart 
failure is not a new concept having been described rath- 
er elegantly over 65 years ago.'* Hendersoni? wrote, 
“... the rate of relaxation of the heart ... is quite as 


TABLE | Definitior's of Heart Failure 


Physiologic or biochemical! definitions 
A condition in whicr the heart fails to discharge its contents ade- 
quately?9 
A state in which the heart fails to maintain an adequate circulation 
for the needs of the body despite a satisfactory filling pressure! 
A pathophysiologic state in which an abnormality of cardiac func- 
tion is responsible for the failure of the heart to pump blood at a 
rate commensurate with the requirements of the metabolizing tis- 
sues? l 
... Syndrome .... which arises when the heart is chronically unable 
to maintain an appropriate blood pressure without support 
Practical definitions 
A clinical syndrome caused by an abnormality of the heart and rec- 
ognized by a characteristic pattern of haemodynamic, renal, neural 
and hormonal respcnses 
Ventricular dysfunction with symptoms 
Abnormal function cf the heart causing a limitation of exercise ca- 


pacity 


TABLE fl Underlying Causes of Chronic Heart Failure 


Loss of muscle 
Commonly due to myocardial infarction 
Incoordinate contraction 
Often associated with ischernic heart disease 
Extracellular ebnormality 
Fibrosis, altered extracellular architecture 
Change of shape and size of ventricle 
Slippage of cells, fiber reorientation 
Cellular abnormality 
Diastolic dysfunction common with 
Hypertrophy 
Ischemia 
Small heerts and tachycardia 
Fibrosis 
Systolic dysfunction 
Downregulation of receptors (e.g., sympathetic) 
Reduced ZAMP 
Diminished function of sarcoplasmic reticulum 
Abnormally of contractile proteins 


cAMP = cyclic adenosine monophosphate. 


important ... as the systolic contraction ...” and “If an 
old man’s heart relaxes slowly, his capacity for physical 
exertion is thus limited.” 

Diastolic heart failure occurs particularly in the con- 
text of hypertrophied muscle in the presence of a small 
ventricular cavity and a fast heart rate. This situation 
commonly exists in hypertrophic cardiomyopathy, hy- 
pertensive heart disease, after aortic valve surgery and 
in many patients with coronary artery disease. The ab- 
normality is due to slow relaxation (active and passive) 
of the heart, so that at end-diastole, the left ventricular 
end-diastolic pressure is increased and filling of the ven- 
tricle is not complete. Diastole comprises a period of 
isovolumic relaxation, rapid filling, passive filling and 
atrial contraction. Many papers have been published in 
which diastolic heart failure is regarded as existing in 
those patients who have a normal ejection fraction at 
rest (indicating broadly that the heart size was normal) 
and in whom there is a decreased rapid filling of the 
ventricle.!3 For the clinician, the problem remains as to 
which patients, whether with small or enlarged hearts, 








TABLE Ili Response of Human Failing Myocardium to 
Caicium and lsoprena ine 


Developed Tension 
(mN /mm?) 


Calcium Isoprenaline 


1987 Normal 
Failure 
Normal 
DCM 

IHD 

Normal 
Failure 
Normal 
Failure 13 


DCM = dilated cardiomyopathy; IHD = ischemic heart disease. 


Gwathmey et al 


Ginsburg etal 1983 


Feldman et al 1987 


Bohm et al 1988 


TABLE IV Body Responses to Heart Failure 


Altered structure of heart 
Starling's mechanism 
Activated neuroendocrine systems 


Redistribution of blood flew and increased peripheral resistance 
Desensitization to catecholamines; altered myocardial receptors 
Altered contractile proteins and biochemical systerns in heart muscle 
Altered function, histology and biochemistry of skeletal muscle 





truly have inadequate ventricular filling at end-diastole 
(measurement of ventricular volumes needed) that lim- 
its exercise capacity (measure on exercise), 

Progression of heart failure: CHF is a common con- 
dition occurring in up to 1% of the general population. 
The prognosis is poor but varies with severity (Figure 
1). In severe CHF, 50% of patients are dead within 6 
months,'4 whereas if all patients with heart failure are 
considered, 25% are dead within 1 year.!5:! Several tri- 
als have reported or are being undertaken to investigate 
whether treatment can increase longevity. The idea be- 
hind many of these trials is that CHF is a progressive 
illness due to continuing damage to the myocardium 
(Figures 2 and 3). A popular concept is that this con- 
tinuing damage reflects an increased wall stress in the 
myocardium. In some animal models and in some pa- 
tients, it may be that the natural history of CHF follows 
such an inevitable downward course (Figure 3). How- 
ever, 2 alternative possibilities exist. In many patients 
with CHF, the progress of the disease may not be due 
to any Gecrease in the inherent function of the heart 
muscle itself, but to adaptive mechanisms within the 
body (Figure 2). Malfunction of the kidney may lead to 
increasing sodium and water retention, alteration of 
central hemodynamics and worsening of clinical CHF. 
Alternatively, it may be that patients with CHF pro- 
gress in a stepwise fashion due to further ischemic 
events, repeated exposure to the initiating factor or even 
sudden death (Figure 3). 

Ischemic syndromes: Atheromatous disease in the 
coronary arteries is the most common cause of CHF. 
This is usually explained by a decrease in the mass of 
myocardium available for contraction or incoordinate 
contractility. Recently, several other syndromes have 
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been variously described as stunned, hibernating, mum- 
mified,'? stuttering?® or preconditioned!? (Tabe V). 
Many of these entitis are rather similar to what used to 
be called “chronic ischemia.” The implication is that 
improved perfusion of the myocardium would lead to 
clinical benefits. Th= biochemical basis for stunned, hi- 
bernating or mummified myocardium is not understood 
and the diagnosis ir patients is difficult, if not impossi- 
ble, to make. 

Causes of symmioms and mechanisms of improve- 
ment: Most patients with CHF are initially treated with 
diuretics and someimes digoxin. Simple clinical skills 
allow the physiciar. to adjust the dose of diureics so 
that the body fluil compartments are normalized.” 
Even then, patients may continue to complain of symp- 
toms, notably shortness of breath and fatigue. Tae ori- 
gin of these symptcms is uncertain.?! Certainly, symp- 
toms are not relasd simply to increased left atrial 
pressure because perk oxygen consumption is not deter- 
mined by the left ~entricular end-diastolic pressure at 
the end of exercise, drugs that alter the left atrial pres- 
sure do not result ir a short-term improvement in exer- 
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cise performance and different forms of exercise can 
give rise to different terminating symptoms, despite sim- 
ilar changes in left atrial pressuce. There are 3 major 
determinants of symptoms. First, in patients with CHF, 
ventilation in the lung is increased for a given carbon 
dioxide production.” Second, blood flow to exercising 
skeletal muscle is limited because o7 an increased resis- 
tance. The cause of this increased resistance is not un- 
derstood. Third, there are functionel,”? histologic? and 
biochemical changes in the skeletal muscle itself. Again, 
the cause for these changes is nct understood. Some of 
the changes in skeletal muscle may be related to repeti- 
tive ischemia and rest atrophy and some may be related 
to a response to the altered neural] and hormonal stimu- 
lation in CHF. What is now emerging is that an in- 
crease in exercise capacity with dregs used for therapy 
in CHF is associated with an increase in blood flow and 
improvement in the abnormalities in skeletal muscle. In- 
deed, it may be a principle of treatment that no benefit 
will accrue to the patient who has already been treated 
with diuretics unless blood flow to exercise in skeletal 
muscle is augmented. The ability cf skeletal muscle to 


FIGURE 1. Prognosis of heart failure. 
NYHA = New Yerk Heart Association: 
VHeft = Veterans Administration Heart 
Faikere Trial. 
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FIGURE 2. Spirals in heart failure. Left, 
progression of disease is determined by 
central hemodynamics and, in particular, 
wall stress in the myocardium. Right, pro- 
gression of heart failure is due to retention 
of salt and water. Two different mecha- 
nisms are not mutually exclusive. 
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perform work under anaerobic conditions is extremely 
limited. Exercise capacity essentially depends on blood 
flow for the provision of oxygen. 

Positive inotropic drugs: For years, physicians have 
believed that the major abnormality in CHF is a weak- 
ness of the systolic function of the heart. A consequence 


is the use of a positive inotropic drug for the treatment ` 


of such patients with chronic CHF. However, the evi- 
dence that such drugs are beneficial is poor.”* There is a 
continuing controversy over the use of digoxin in pa- 
tients in sinus rhythm. The case against digoxin is not 
that it is without effect, but that the benefit is small and 
less than can be achieved with other safer drugs. Digox- 
in is becoming redundant. 

Numerous inotropic agents that have been studied in 
CHF have not been shown to be beneficial. This may be 
partly due to down-regulation of 6 receptors, the devel- 
opment of tolerance, exacerbation of arrhythmias or in- 
creasing damage to the myocardium. 

A new principle is emerging, namely, that inotropic 
drugs in CHF may be harmful because they increase 
damage to the myocardium by increasing wall stress or 
myocardial ischemia. If that is true, then it has impor- 
tant implications for the development of new drugs. It is 
possible, however, that many inotropic drugs are harm- 
ful because they increase the cytosolic calcium concen- 
tration in myocytes causing arrhythmias and cell necro- 
sis. There may be as yet undiscovered inotropic drugs 
that do not effect the calcium channel in the sarcoplas- 
mic reticulum, but do increase contraction by altering 
the phosphorylation of the contractile proteins or some 
other mechanism. Such drugs would have selective in- 
tracellular effects and might be of benefit i in subgroups 
of patients with CHF. 

Vasodilators: Converting-enzyme inhibitors have 
been shown to be effective in decreasing symptoms, in- 
creasing exercise capacity and prolonging life'* in pa- 
tients with CHF. The combinations of nitrates and hy- 
dralazine may also increase longevity.” A key question 
' is the mechanism by which these effects are being 
brought about. Figure 4 contains a possible mechanism 


for the effect of angiotensin-converting enzyme inhibi- 


tors in which emphasis is placed on the action of these 


FIGURE 3. Progression of heart failure. 
Some patients will die prematurely frem a 
cardiac event rather than progressively 
deteriorate. 
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TABLE V Modish Terms for Myocardial Damage 


Stunned myocardium?! 
Hibernating myocardium? 
Murnmified myocardium?’ 
Stuttering ischemia@* 
Preconditioned myocardium?* 
Chronic ischemia 
ischemic cardiomyopathy 









drugs on the kidney and subsequently on the arterial 
resistance in blood vessels subserving exercise in skeletal 
muscle. This mechanism would suggest a different 
mode of action for angiotensin-converting enzyme in- 
hibitors compared to vasodilators. An alternative argu- 
ment is that the benefit is due solely to a decrease in the 
wall stress of the myocardium. If that were so, then all 
vasodilators and angiotensin-converting enzyme inhibi- 
tors should have an effect dependent upon their action 
on the central hemodynamics. This is a matter that 
needs to be resolved. 

The key question at the present time is how early 
vasodilators and angiotensin-converting enzyme inhibi- 
tors should be introduced in the treatment of CHF. 
Most physicians would use these drugs when patients 
are on, for example, frusemide 80 mg. Since diuretics 
used in the treatment of CHF activate the renal angio- 
tensin system, there is an argument that angiotensin- 
converting enzyme inhibitors should be used earlier in 
the treatment of CHF. Angiotensin-converting enzyme 
inhibitors alone are not sufficient for the treatment of 
patients who have had a past episode of sodium reten- 
tion.” 

‘Antiarrhythmic agents and anticoagulants: Patients 
with CHF commonly have ventricular arrhythmias and 
sudden death is said to be common.*® However, most of 
these studies have defined sudden death as death within 
6 hours of being seen alive and well. That is not a help- 
ful definition because 6 hours is ample time for a pa- 
tient to die either of progressive CHF or from an isch- 
emic episode. It is unknown how many deaths from 
CHF are attributable to an opportunistic arrhythmia 
rather than due to progression of CHF. A preliminary 


Ventricular dysfunction 
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report of a recent trial with amiodarone in patients with 
CHF did not provide any support for the use of antiar- 
rhythmics in such patients. The results of the Cardiac 
Arrhythmia Suppression Trial study?’ also do no: pro- 
vide support for the treatment of ventricular premature 
beats in asymptomatic patients with atheromatous coro- 
nary artery disease. A further controversy regards the 
use of anticoagulants in patients with dilated cardiomy- 
opathy. These patients are at risk of embolic events, but 
treatment with anticoagulants also carries an apprecia- 
ble risk. At present, only selected patients should be 
treated with anticoazulants. . 

Drugs for the future: On the basis of recent experi- 
ence with positive indtropic drugs, which have been un- 
der active investigation for the treatment of CH=, the 
future outlook for such drugs may be limited to inter- 
mittent use or limited for use in patients with almost 
terminal CHF. Likewise, unselective systemic vasodila- 
tors, as a group, seem unlikely to have a major impact. 
The use of 8 antagonists continues to be investigated in 
carefully selected petients and there are many reasons 
why in some circumstances, 6 blockade may have a lim- 
ited advantage. The slowing of the heart rate on exer- 
cise can improve diastalic filling. A direct harmful ef- 
fect of catecholammes on the myocardium may be 
minimized, arrhythmias may be prevented or dow2-reg- 
ulation of 8 receptcrs may be reversed. On the other 
hand, 8-antagonists have the propensity to worsen CHF, 
particularly in the severely ill. 

Drugs that selectively increase renal blood flow at 
rest or skeletal muscle blood flow on exercise would be 
expected to be of more benefit. A totally different ap- 
proach is to manipulate those factors that control hyper- 
trophy of heart muscle, the development of fibrosis or 
modify the orientation of myocytes in the heart. 

Assessment of patients with heart failure: The pres- 
ence of CHF predicts death from CHF. Any abnormal- 
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FIGURE 4. A possible mode of action of angiotensin-comvert- 
ing enzyme inhibitors in heart failure. This mechanism would 
account for differences in efficacy of direct vasodilators and 
angiotensin-converting enzyme inhibitors. 
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ity that relates to the severity of CHF will have prog- 
nostic significance. Recent studies have shown that the 
ejection fraction, peak oxygen consumption, plasma so- 
dium and plasma noradrenaline concentration are good 
predictors of a poor prognosis anc are useful in a group 
of patients with severe CHF. The measurement of the 
ejection fraction is relatively simp_e end an estimate can 
be obtained from an echocardiogram. The measurement 
of peak oxygen consumption is more complex and re- 
quires expensive equipment and staff. New forms of ex- 
ercise test are being developed that may prove useful in 
the future, not only to categorize patients with CHF, 
but to assess the effect of treatment and progress of the 
disease.”*2? Current exercise tests heve been largely de- 
veloped from those used in athletes or patients with an- 
gina pectoris. They measure the cxyzen consumption in 
a test of increasing severity. More recently, tests have 
been devised that measure the exten: to which a patient 
can undertake exercise in a given period of time.” This 
test may relate more precisely to everyday activities. 

Conclusion: The diagnosis, management and treat- 
ment of CHF has, for some time, bean the ugly sister of 
cardiology in comparison to prevention, invasive proce- 
dures and thrombolytic therapy for acute myocardial 
infarction. Advances in understancing CHF and the 
availability of new drugs have brought about great 
changes in our ideas of how these patients should be 
investigated and treated. There are many avenues for 
progress. The key will be the identification of particular 
subgroups of patierts that will benefit from particular 
treatments. 
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Future Perspectives in Basic Science 
Understanding of Congestive Heart Failure 


Arnold M. 


tients with congestive heart failure (CHF), 

which a few years ago carried a 5-year mortali- 
ty of approximately 50%,! has led to a reevaluation of 
the goals of therapy for this condition.? Traditionally, 
treatment of the pazient with heart failure has focused 
on the systemic manifestations of this syndrome, nota- 
bly salt and water retention, and vasoconstriction. How- 
ever, these circulatory adjustments to the chronically re- 
duced output by the failing heart, which probably arose 
during evolution as short-term compensatory mecha- 
nisms to aid the body in surviving hemorrhage,’ repre- 
sent processes that are secondary to abnormal cardiac 
function. 

It is only recently that medical therapy has been re- 
directed to the cause of this syndrome, the cardiac dis- 
order itself. Whereas our ability to deal with most 
causes of heart failu-e is quite limited, growing ev-dence 
that medical therapy can improve prognosis in these pa- 
tients*-® has highlighted the importance of preventing 
deterioration of the heart in patients with CHF. Thus, 
additional understanding of the cellular abnormalities 
that contribute to progressive failure of the hypertro- 
phied, failing myocardium represents a major gcal for 
future research directed to improving long-term progno- 
sis in these patients. 

Cardiomyopathy of overload: The myocardial ab- 
normalities that are responsible for progressive deterio- 
ration of the hearts of patients with CHF remain >oorly 
understood. In some patients, notably those with cardio- 
myopathies, abnormalities in the cells of the myccardi- 
um represent the primary cause of heart failure. How- 
ever, chronic overloading can itself initiate a sequence of 
responses that lead to deterioration and death of the 
cells of the heart.’ Thus, in patients with valvular heart 
disease or in whom portions of the left ventricle have 
been damaged after myocardial infarction, chronically 
increased work of zhe otherwise normal myocardium 
leads to progressive deterioration of the overloaded 
myocardial cells. However, the mechanisms by which 
sustained overloading causes the hypertrophied myocar- 
dial cells to deteriorate, die and become replaced by fi- 
brous tissue are. not well understood. This process, 
which represents a1 unwelcome consequence of the 
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compensation provided by the increased mass of over- 
loaded myocardium, cen be viewed as a “cardiomyopa- 
thy of overload” that probably plays an important role 
in determining the poor prognosis in patients with 
CHF.’ 

Pathogenesis of the cardiomyopathy of overload: 
Although the causes of deterioration of the failing heart 
remain poorly unde-stcod, at least 2 pathogenetic mech- 
anisms appear likely to play a role in this important 
process. The first is a state of chronic energy-starvation, 
which probably coniributes to impaired function, as well 
as cell death, in the chronically overloaded heart. Sec- 
ond, complex changes in the compcsition of the hyper- 
trophied heart may. themselves, be accompanied by ab- 
normalities that cause the chronically overloaded myo- 
cardium to deteriorate 

ENERGY-STARVATION IN THE FAILING HEART: At least 3 
mechanisms could lead to a state of 2nergy-starvation in 
the cells of the chronically overloaded heart. Because 
the adult heart has little or no capacity for cell division, 
chronic overloading cases each myocardial cell to sus- 
tain an increased level of work output. Hypertrophy, by 
increasing the size of the myocardial cells and thereby 
augmenting the number of sarcomeres that share the 
overload, would, of course, reduce the load on each sar- 
comere. However, the compensation brought about by 
the increased muscle mass may not perfectly match the 
increased load; as < result, the rate of energy expendi- 
ture by each sarcomere of the hypertrophied heart 
would remain chronically elevated. 

A relative deficiency in the systems that provide 
high-energy phosphate compounds to meet the in- 
creased work of the overloaded heart represents a sec- 
ond cause for chronic energy starvation in the hearts of 
patients with CHF. In established myocardial hypertro- 
phy, the fraction of cel volume occupied by myofibrils 
has been found to be increased, relazive to mitochondri- 
al mass.8-!0 The resulting increase in the number of 
adenosine triphosphate-consuming myofibrils whose in- 
creased energy demands must be su plied by a reduced 
number of adenosine triphosphate-generating mitochon- 
dria would, therefore, contribute to a state of chemical 
energy starvation in the hearts of patients with CHF. 

Changes in the architecture of the hypertrophied 
heart could also exacerbate a state of energy starvation 
in the hypertrophied, failing heart. These changes in- 
clude increased intercapillary distance and a decreased 
number of transverse capillary profiles per mm2, 81! 
which would increase the diffusion distance for sub- 
strates, notably oxygen, essential for energy production 
by the hypertrophied heart. The lengthened pathway for 
blood flow from the major epicardial coronary arteries 


through the thickened walls of the hypertrophied ventri- 
cle would exacerbate the relative energy deficit in the 
relatively underperfused subendocardial regions of the 
ventricle.'* Studies of the hearts of patients with 
CHF,!3:!4 which are in accord with earlier studies in 
animal models,!>-!© provide direct evidence that high- 
energy phosphate levels are, in fact, reduced in failing 
hearts. 

Future research is needed to define the extent of a 
possible energy deficit in CHF. If, in fact, there is seri- 
ous energy-starvation in some hypertrophied, failing 
hearts, then clinical approaches must be tailored to spe- 
cific subsets of patients with CHF and means sought to 
reduce a high-energy phosphate depletion and reverse 
detrimental effects of an energy deficit on the heart 
muscle. As therapeutic strategies for the management 
of CHF must be evaluated in terms of their impact on 
long-term prognosis,” data are also needed to define 
whether the benefits of drugs that unload the failing 
heart are explained by their energy-sparing effects. This 
is especially important in light of evidence (see later) 
that as yet poorly understood actions of several classes 
of drugs may modify survival in these patients. It is also 
essential to determine whether the clinical use of inotro- 
pic drugs should be limited because of their potential to 
exacerbate energy starvation in the overloaded, failing 
myocardium. If, as now appears likely, such a limitation 
exists, additional studies of the energetics of contraction 
and relaxation might provide clues as to novel means to 
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maximize the work output of the failing heart for any 
given amount of energy expended. 

CHANGES IN THE COMPOSITION OF THE HYPERTROPHIED 
HEART: The myocardial hypertrophy that results from 
chronically increased cardiac work is accompanied by 
complex changes in myocardial cell composition.’ In the 
heart’s response to chronic overload, altered expression 
of the genes that encode key myocardial proteins leads 
to the preferential synthesis of protein isoforms that de- 
termine a reduced rate of energy expenditure, and an 
overall change in composition that leads to the reap- 
pearance of proteins that had normally appeared earlier 
in fetal life.’ The extent to which expression of altered 
gene products in the hypertrophied myocardium con- 
tributes to progressive degeneration of the overloaded 
heart may, in fact, represent the most important ques- 
tion for future research into the causes of the downhill 
course in these patients. Thus, new understanding of the 
causes of cell degeneration and death in the cardiomy- 
opathy of overload would be of obvious value in the 
management of CHF. 

Effects of therapy on natural history in patients 
with congestive heart failure: Recent clinical trials have 
provided tantalizing clues regarding new avenues for ef- 
forts to improve natural history in patients with CHF. 
Both basic and clinical research are needed to answer at 
least 2 important questions that have emerged from re- 
cent studies of this condition: the effects of positive and 
negative inotropic interventions on long-term survival, 
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FIGURE 1. Comparison of 4 drugs, each of which has important vasodilator actions, on survival in patients with congestive 
heart failure. As these data were obtained from 4 independent studies that examined different subsets of patients, care must be 
exercised in reaching conclusions regarding the existence of true differences between these drugs on survival. However, in the 
context of this article these data suggest promising directions for future research. The studies from which these data were ob- 
tained are: enalapril"; hydralazine, isosorbide dinitrate and prazocin‘; dittiazem?’; and milrinone.?8 
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and the mechanisms responsible for apparent differ- 
ences in long-term survival when patients with CEF are 
given different vasodilators. 

EFFECTS OF POSITIVE AND NEGATIVE INOTROPIC AGENTS: 
The long-term clinical response to drugs that increase 
myocardial contractility is of timely interest and impor- 
tance. Only a few years ago, positive inotropic gents 
were viewed as specific therapy for patients with heart 
failure, and there was even a tendency to believe that 
the more powerful the inotropic action of a drug, the 
more effective it would be in treating these patients. 
However, a number of theoretical concerns suggested 
that positive inotropic drugs might exert significant det- 
rimental long-term effects in patients with CHF; these 
include worsening of the deficit between energy produc- 
tion and energy utilization, exacerbation of relaxation 
abnormalities, and arrhythmogenic effects resulting 
from increased levels of cytosolic calcium and cyclic 
adenosine monophosphate, intracellular second messen- 
gers which activate inward (depolarizing) ion currents 
that are known to be arrhythmogenic.'’ These consider- 
ations probably account for reports that positive irotro- 
pic agents can exert detrimental effects in patients with 
chronic CHF.!8 Conversely, negative inotropic azents 
have been reported to exert beneficial effects in patients 
with heart failure.!?-2* As the reduction of myocardial 
contractility that results from altered gene expression in 
the hypertrophied, failing heart may be compensatory, 
rather than deleterious, in some patients with heart fail- 
ure, more information is needed to define whether, 
and in which subsets of patients, this unconventional ap- 
proach to the therapy of CHF is warranted. 

EFFECTS OF DIFFERENT VASODILATORS: There is increas- 
ing evidence that drugs which unload the heart not only 
improve symptoms in patients with CHF, but also in- 
crease survival. The likelihood that the failing heart is in 
an energy-starved state can explain some of the benefi- 
cial effects of drugs that, by reducing afterload, de- 
crease energy expenditure by the failing heart. How- 
ever, additional, but poorly understood, effects of some 
classes of vasodilators may also slow the progressicn of 
the cardiomyopathy of overload in these patients (Fig- 
ure 1), 

Although unloading of the failing heart generally al- 
leviates the symptoms caused by depressed myocardial 
function in patients with CHF, the effects of different 
vasodilators on the natural history of this condition are 
surprisingly variable.” Whereas any vasodilator would 
be expected to reduce energy expenditure by an cver- 
loaded heart, not all of these drugs improve prognosis. 
The combination of hydralazine (an arteriolar dilator) 
and isosorbide dinitrate (mainly a venodilator) has been 
shown to prolong survival in patients with ‘congestive 
heart failure‘; although, in the same study prazosin, an 
a-adrenergic blocker that exerts both arteriolar and 
venodilator effects, had no effect on natural history in 
these patients. In patients with heart failure after myo- 
cardial infarction, the calcium channel blocker ditia- 
zem, which is mainly an arteriolar dilator, appeared to 
worsen prognosis.*’ In contrast, the converting enzyme 
inhibitor enalapril almost doubled life expectancy in a 
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group of patients with severe left ventricular failure,’ a 
finding that is in accord with other data®*° which sug- 
gest that, as a class, the converting enzyme inhibitors 
slow the progressior. of the cardiomyopathy of overload 
in CHF. 

The data in Figure 1, which were taken from differ- 
ently designed studies of a variety of subsets of patients, 
do not provide conclusive evidence that different vasodi- 
lators have variable effects on long-term survival in pa- 
tients with CHF. However, they do suggest that poorly 
understood effects o- some of these vasodilators may de- 
termine their effects on natural history in this chronic 
condition. New knowledge of the mechanism responsi- 
ble for the apparent differences in the influences of 
these drugs on the failing heart may lead to a better 
understanding of mechanisms that can alleviate the car- 
diomyopathy of overload in CHF.”? Such knowledge 
would facilitate the formulation of therapeutic strate- 
gies to improve well-being and prognosis in these pa- 
tients. 
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CONGENITAL HEART DISEASE 


_ Balloon Angioplasty for Congenital 
ee Mitral Stenosis — 


Philip J. 'Spevak, MD, John L. Bass, MD, Giora Ben- Shachar, MD, Peter Hesslein, MD, ` 
John F Keane, MD, Stan Perry, MD, Lee Pyles, MD, and James E. Lock, MD 


We attempted ballcon angioplasty in 9 childrea | 
(ages 0.1 to 10 years) with congenital mitral steno- . 


sis. All were symptomatic with severe congestive . 
heart failure and failure to thrive. Effective reduc- 
tion in mitral gradient was initially achieved in 7 
patients. For the entire group, mean valve gradient 
decreased from 14.8 + 5.0 to 8.1 + 6.7 mm (p = 
0.0007) and mean valve area increased from 1.1 + 
0.5 to 1.8 + 0.9.cm2/m? (p = 0.003). More than . 
mild mitral regurgiation developed in 2 patients 


_ but none required surgery for mitral regurgitation. 
- Poor gradient relie? followed dilation of valves with . 


unbalanced chorda/ attachments, with restriction to 


the valve apparatus as in mitral arcade, and where — 


the obstruction was not purely valivar as it is with a 
supramitral ring. No strokes, infection or deaths 
were due to the precedure. ap os 

Based on these data, balloon anoles of con- 
genital mitral stencsis should be considered before 
mitral valve replacement in younger patients and in 
those in whom mitral valve replacement would be | 
problematic. _ 

' (Am J Cardiol 1990;66:472-476) 
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- stenosis (MS) carries significant morbidity and 
mortality, particularly in infants:and small chil- 
dren. In a recent review of valve replacement in children 


T: surgical inanagement of congenital mitral 


. <5 years of age, there were 6 patients with congenital 


MS who required mitral valve replacement, of whom 2 
died at operation.! Even if patients survive surgery, on- 
going morbidity occurs due to repeat valve replacement, 
thrombotic episodes and hemorrhagic complications re- 
lated to anticoagulation. Therefore, we have investi- - 
gated the use of balloon angioplasty as an alternative 


approach to the surgical management of congenital MS 


in patients without a parachute deformity of the mitral 
valve. The purposes of this study were to (1) combine 
our initial experience with balloon angioplasty in con- 
genital MS in 9 patients from 3 centers; (2) describe the 
follow-up in apparently successful dilations; and (3) re- 
port the echocardiographic features of valves that may 
predict a successful outcome. | 

METHODS 

Patients: Between June 1987 and January 1990, v we 
attempted balloon dilation of the mitral valve in 9 chil- 
dren with congenital MS. The diagnosis of MS was de- 
termined from clinical data (Table I) including cardiac 
ultrasound. All children were symptomatic with conges- 
tive heart failure and weighed far below the third per- 
centile for their age. Because of the surgical risks in- 
volved, it was decided to attempt balloon angioplasty as 
the initial procedure. However, those with a parachute ~ 
deformity of the mitral valve, identified by 2-dimension- 
al echocardiography, were excluded as candidates for 
balloon valvuloplasty. Before cardiac catheterization, in- 
formed ‘consent was ob:ained from a parent of each pa- — 
tient. 

-Echocardiographic evaluation: Two-dimensional 
echocardiography and Doppler examination were per- 
formed before dilation (1 to 68 days, median 20) and 1 
to 2 days and up to 3% years after dilation. Color 
Doppler examination was performed in all patients. Mi- 


. tral valve morphology and papillary muscle architecture 


were examined from multiple views. Left ‘atrial volume 
was estimated assuming a spherical model from the for- 
mula 4/3 pi r°, where r was the mean of left atrial di- 
mension measured in transverse, coronal and sagittal 


_planes.. Mitral valve anulus diameter at the hinge points 


of the leaflets was measured from apical and paraster- - 
nal views and the average calculated. 

Doppler recordings of mitral inflow were obtained 
from an apical 4-chamber view. Maximum instanta- 





: | ation. The presence and degree 
rgitation were estimated using color and 
sed i Doppler from apical and parasternal windows. 
he degree of regurgitation was estimated by visual in- 
spection of the color Doppler signal on a scale from 0 to 
. 4+: 0, no regurgitation; 1+, trivial, regurgitant jet ex- 
tending to less than half cavity dimension; 2+, mild, jet 
_ extending beyond half cavity diameter; 3+, moderate, 
jet extending across the entire diameter of the left atri- 
um, but filling <50% of left atrial area; or 4+, severe, 
jet extending to the top of left atrium and filling >50% 
< of left atrial cross-sectional area. 

Cardiac catheterization: Right- and left-sided cardi- 
ac catheterization were performed percutaneously from 
the groin. Local anesthesia and systemic anticoagula- 
tion were used. 

Initially, left atrial pressure was estimated from the 

_ pulmonary capillary wedge pressure but in all patients 
was measured directly after transseptal puncture. Car- 
‘diac output was calculated using the Fick principle. 
« After direct measurement of left heart pressures, a ret- 
-~ ; rograde left ventriculogram was recorded to assess the 
degree of mitral regurgitation. The amount of regurgi- 
tation was graded from 1+ to 4+ using the system pre- 

viously described by Grossman.’ 

. The technique for percutaneous congenital mitral 
valve dilation was similar to that previously described 

by Lock et al? for rheumatic mitral stenosis. The initial 
balloon size was selected to be smaller than the anulus 
diameter as estimated by ultrasound or angiography. 
The balloon was inflated by hand with dilute contrast 
material until any constriction of the “waist” disap- 
peared or the balloon was maximally inflated. After 
each dilation, the gradient was remeasured and a left 
ventriculography performed to check for the presence of 
mitral regurgitation. In general, a larger balloon cathe- 
ter was selected and the dilation procedure repeated un- 

~ til the inflated balloon was up te 30% larger than the 















| TABLE Patient Characteristics Before Valvuloplasty 





Weight 
Pt (yr) (kg) Mitral Valve Morphology” 
] 10.0 18.9 Triple orifice 
3.8 118 Classic congenital MS with 
anular hypoplasia 

3 0.3 4.7 Classic congenital MS? 

4 0.4 4.5 Classic congenital MS except 
for mildly unbalanced chordal 
attachments! 

5 0.1 42 Classic congenital MS! 

5 0.6 4.8 Classic congenital MS with 
anular hypoplasia’ 

7 13 &.1 Classic congenital MS but 
with unbalanced chordal 
attachments and anular 
hypoplasia 

8 1.2 6.1 Classic congenital MS 

9 1.4 6.8 Supramitral ring and anular 
hypoplasia! 

Mean 21 78 


Aerts enter 


* Mitral valve me morphology refers to morphology as determined by utrascund 
before balloon angioplasty. 

' Classic congenital MS refers to a vaive with Z left ventricular papillary muscles in 
which there is reduction of interpapillary distance. obliteration of tterchordal spaces 
and short chordae tendineae. 
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anulus diameter from angiography, or the mean gradi- 
ent across the valve decreased 250%, or the degree of 
mitral regurgitation increased by 1 grade. 

Paired f tests were used to compare the significance 
of changes in mean transmitral gradient, mitra! valve 
area, cardiac output, pulmonary artery mean pressure, 
left ventricular end-diastolic pressure, degree of mitral 
regurgitation and proportional net intracardiac shunt 


(Qp/Qs). 


RESULTS 

Early results of dilation: All patients who underwent 
catheterization for balloon dilation of congenital mitral 
stenosis had successful placement of the angioplasty 
balloon across the valve. The hemodynamic and echo- 



























4 from. 148 + 5.0 to 8.1 + 67. mm 


E an cn 0: 0007) and mean valve area increased from 
i Ta 0.5 to 1.8 + 0.9 cm?/m? (p = 0.003). 

_. Late results of dilation: Late echocardiographic fol- 
-low-up data showed persistent gradient relief in 3 pa- 
tients (nos. 1, 2 and 3). Patient 1, who had a triple ori- 
‘fice mitral valve, had the best result, with nearly a dou- 
‘bling in mitral valve area despite the fact that the 
‘balloon-to-anulus ratio was the smallest of any patient. 
“In Figure 1 (left), 2 of the orifices are displayed (the 
| other orifice - was more apically located). During dila- 


ping, flow could ie seen ‘moving ‘thre sane 


orifice. Gradient relief persisted 27 month 


loon angioplasty (mean Doppler gra 
Hg) and allowed the child to remain asymptoma 
tral regurgitation was not present at last follow 
Clinically, the child had considerable subjective d 
provement in her exercise tolerance, Her weight ir 
creased from 18.9 kg (far <3%) to 23. 4 kg (23%); 
the 7 months after catheterization. . 

Patient 2, with valve morphology typical of conge 
tal MS, had no Doppler evidence of mitral regurgit: 
before the procedure and by color Doppler had mild 


Ta TABLE H Hemodynamics E Before and After Angioplasty and Balloon—Anulus Characteristics 


Valve Area 
index (cm /m*) 


E 
| 
3 
| 
Z 


ean + SD 


LV End-Diastolic 
Pressure (mm) 


Pressure (mm) 


| Before 


44 28 
53 73 
57 — 


E Mean + SD 04184125 44.5 + 19.0 


Cardiac 
Index (liters /min /m*) 


Before 


p eres Tom before’ versus Saher dation Spina atp <0. 005. an : : rs 
į mean’ chet reported are based on nidrectly measured left atrial pr 


edge pete Allo other 


% Change 


58 + 33* 


13.245.2 


Mean Valve 
Gradient (mm) 


14.84 5.0 


Mitral 
Regurgitation 
(grade) 


Before 


et kt it Om OO Om 


13.0446 


- Anulus l l as 
2 Ratio (%) g Se : 


> Diameter(mm) 





% Change A - 












irgitation after dilation. The RR, re- 
ion was related to prolapse of the anterior leaf- 
he mitral valve (Figure 2). The stenosis was par- 
ly relieved, with the mean gradient by Doppler de- 
Teasing from 15 to 10 mm Hg. Although this patient 
had less severe congestive failure and continued reduc- 
-tion in the mitral valve gradient, the procedure has not 
yet resulted in accelerated somatic growth. 
_. Patient 3 symptomatically improved after the proce- 
dure and catch-up growth occurred. Follow-up ultra- 
_ sound study showed some increase in mean Doppler 
_ gradient but not to levels before dilation. 
= ->o The 2 most recent patients (nos. 4 and 5) had an 
-initial reduction in gradient and >50% increase in valve 
area. In both babies the weight was >5 kg at the time 
__ of dilation. In patient 4, the gradient decreased nearly 
60% and valve area increased by 50%, allowing weaning 
from mechanical ventilation. 
Late restenosis after dilation: Surprisingly, 2 pa- 
_. tients who had an initial reduction in gradient developed 
worsening failure within 2 months after balloon angio- 
á plasty. Patient 6 had MS, coarctation, subaortic stenosis 
- and multiple ventricular septal defects. Before mitral 
valve dilation was performed, the child had required co- 
arctation repair, pulmonary artery band and resection 
of a supramitral ring. With angioplasty, the mean gra- 
_. dient decreased from 15 to 5 mm Hg, but increased to 
-<13 mm Hg at later catheterization, without changes in 
<- cardiac output. This patient had moderate mitral regur- 
` gitation immediately after dilation. The mitral anulus 
~~ was hypoplastic with a diameter of 12 mm, considered 
too small to allow valve replacement at the anular level. 
__ In addition, the normal left atrial size complicated su- 
_ praanular mitral valve replacement. After angioplasty, 
-the anterior leaflet had a small tear; after initial relief, 
the gradient redeveloped and the regurgitation in- 
creased. The left atrial volume increased from 116 cm?/ 
/m before dilation to 172 cm?/m/m? 22 days later. 
Anulus diameter did not change over the same interval. 
“ The patient then underwent successful mitral valve re- 
A placement. A 17-mm Bijork-Shiley valve was placed in 
-the supraanular position because the anulus was still too 
small. 

Patient 7 also had MS with aortic coarctation and 
ventricular septal defect. After coarctation repair, the 
child continued to have severe congestive failure and 
had suprasystemic pulmonary artery pressure. Two left 
ventricular papillary muscles were noted on ultrasound, 
but the chordal attachments were weighted to the larger 
posteromedial group. With balloon angioplasty, the gra- 

- dient decreased from 15 to 8 mm Hg. After a few weeks 

the patient developed worsening failure and recatheter- 

¿ization confirmed the clinical impression of recurrence 

of MS because the gradient had increased to 12 mm. 
_ The patient was referred for surgery. The surgeon noted 
-= a lack of the usual interchordal spaces as well as the 
usual commissures and he performed a mitral commis- 
<> surotomy. This child died from infection and multisys- 
‘tem failure 4 months after a complicated and poorly 



















olerated course. At autopsy, the valve had a major pos- mitral regurs tation A: 
mea ial. and: a ictal anterolateral os right; RA —_ atrium; | 


muscle. Predomiindint attachments, of the chorda 
dineae were to the posteromedial papillary mus usi uscle 
group. 

Failed dilations: Two patients did not achieve a sat- 
isfactory initial result (nos. 8 and 9). Patient 8 had little 
change in the appearance of the valve echocardiographi- 
cally. The papillary muscles were close together and, 
while it was not appreciated antemortem, at postmor- 
tem examination a fibrous ridge typical of mitral arcade 
was noted. Attempts to use a larger balloon size were 
unsuccessful because the balloon straddled the atrial 
septum during dilation and limited full inflation. This 
patient was clinically unchanged after dilation, and was 
referred for surgery and died in the operating room af- 
ter mitral valve replacement. 

Patient 9 had previously undergone resection of a 
supramitral ring and a mitral commissurotomy. Residu- 
al supra- and valvar obstruction occurred. Balloon dila- 
tion was attempted but did not increase the valve area 
and the child required surgery soon thereafter. A supra- 
valvular ring was resected. A prosthetic valve had to be 
placed in the supraanular position because of the hypo- 
plastic mitral anulus. 

For the entire group of patients, there was no signifi- 
cant change immediately after dilation in left ventricu- 
lar end-diastolic pressure, pulmonary artery mean pres- 
sure or cardiac index. 

Complications: Two patients (nos. 6 and 9) with the 
smallest anuli in the group developed more than mild 
mitral regurgitation immediately after dilation. 

None of the patients had significant atrial septal de- 
fects before dilation (1 infant had a tiny sprung fora- 
men ovale). Consequently, all required a transseptal 
(Brockenbrough) approach. A small atrial level left-to- 
right shunt was detected by color Doppler after balloon 
angioplasty in 7 of 9 patients with the largest Q,Q, be- 
ing 1.2 to 1. 

































































~-fections or deaths were due to the pro 
: deaths i in this series followed valve surgery. 


DISCUSSION 
_ The management of the infant or small child with 
symptomatic MS is a very difficult problem. Current 
-surgical therapy carries significant mortality and mor- 
~ bidity. When valve replacement is performed, surgery is 
in many cases palliative, since in rapidly grewing chil- 
dren the valve will often need to be changed within 3 to 
4 years.! 

E There are 2 previous case reports of balloon angio- 
plasty for congenital MS. In the report of 2 cases by 

Kveselis et al the procedure was completed in 1, with 

stenosis being cnly minimally relieved with the valve 

area increasing 21%. Late follow-up was not available. 

A single case of balloon angioplasty in congenital MS in 

a 3-year-old child was reported by Alday and Juaneda,° 
the procedure resulting in an increase of the mitral 

valve area, although follow-up was only 1 month. 

We have dilated mitral valves in 9 children with con- 
genital MS. Although patients with true parachute mi- 
tral valves were excluded, we did dilate all nonpara- 
‘chute mitral valves regardless of anatomy. The proce- 
dure itself was performed with minimal morbidity and 
no mortality. Initial gradient relief was achieved in 7 of 
9 cases. The reduction in the degree of MS was clinical- 

ly effective in 5 cases, and in 3 the gradient relief has 

persisted >3 months, the most successful result being in 
a patient with a triple orifice valve. The morphology of 
multiple orifice mitral valve is variable, and in only a 
portion is there a thin central fibrous subdivision be- 
tween the multiple orifices as in the patient in this se- 
ries.° Tearing of fibrous bridges could potentially result 
in instability of the valve leaflets and the development 
of mitral regurgitation. 

In 1 patient, while dilation did not result in long- 

+. term relief of MS, angioplasty produced mitral regurgi- 
tation that contributed to increased left atrial size and 








































os anes a not achievod aes obstruction x was s due t 


ization eae of respiratory acidosis: No strokes, in- : a ch 
dure; both i a 










supramitral ring. 
The results of this study must be interpreted with © 
en The varying anatomic valve types, the differ- 





ing anatomy may have contributed to these variable re- g 
sults. a 
The aforementioned data would support sever 

ferences: a successful outcome from balloon dilatio: 
unlikely in all patients with congential MS; balloon a an- : 
gioplasty may be more likely to achieve favorable re-  __ 
sults in patients with balanced chordal attachments and 
in some patients with stenotic multiple orifice valves; 
and, in some cases, early gradient relief may be fol-  _ 
lowed by restenosis. Nonetheless, balloon angioplasty of 
congenital MS should be considered before mitral valve. | 
replacement in younger patients (<5 years old) and in ©. 
those with a hypoplastic mitral anulus for whom mitral oe 
valve replacement would be problematic. : 
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x: Plasma atrial natriuretic factor (ANF), plasma 

o cyclic guanosine monophosphate (cGMP), plasma 

aldosterone, plasma-renin activity (PRA) and he- 

_ modynamic parameters were measured in heart- 

ae _ transplant recipients and control patients (chest 

_. pain syndrome) during right-sided heart catheter- 
-ization under basal conditions and in response to an 

, _ Intravenous saline load. Basal plasma ANF and 

— CGMP were higher in heart-transplant recipients 

than in control patients, whereas PRA and plasma 

aldosterone did not differ. The high plasma ANF 

-levels in heart-transplant recipients did not result 

_ from high atrial pressures but appeared to be relat- 
ed with elevated atrial dimensions and cyclospor- 

- ine-induced renal failure. During volume expansion, 

_. plasma ANF increased in control patients and re- 
mained elevated during the postinfusion period. In 

_. heart-transplant recipients, the changes in plasma 
_. ANF were less marked despite identical increases 
of atrial pressures. The sluggish response of plas- 

ma ANF in this group was associated in the postin- 
_ fusion period with a nonreturn of the hemodynamic 
-= parameters to their basal values in contrast with 

what was observed in control patients. 
(Am J Cardiol 1990;66:477-—483) 














‘rom the institut National de la Santé et de la Recherche Médicale, 
té 64, Hôpital Tenon, Service d’Explorations Fonctionnelles and 
itut National de la Santé et de la Recherche Médicale, Unité 251, 
tre Hospitalier Universitaire Xavier Bichat, Paris, France, Service 
Chirurgie Thoracique et Cardiovasculaire, Hôpital Henri Mondor, 
ervice de Cardiologie, Hépital Henri Mondor, Créteil, France. 
ole received January 29, 1990; ) revised manuscript received and 

















rs and y trial Natriuretic Factor 
Release in Heart-Transplant Recipients 


Jean-Claude Dussaule, MD, Alain Nitenberg, MD, Oscar Tavolaro, MD, 
Christophe Benvenuti, MD, Daniel Loisance, MD, Alain Castaigne, MD, 
Jean-Paul Cachera, MD, and Raymond Ardaillou, MD 


tail, M MD, Hig Tenon, 4 od 


triuretic factor (ANF) by atrial stretch represents a 

physiologic mechanism invoived in maintenance of 
homeostasis in response to volume expansion.'* Cardiac 
innervation is not necessary for ANF release, which has 
been found to occur in vitro from atrial fragments’ and 
in vivo in dogs with surgically denervated hearts.4 On 
the contrary, because increased plasma ANF levels 
have been reported in heart-transplant recipients,>° the 
question may be asked whether cardiac denervation in- 
creases ANF secretion. However, factors other than in- 
terruption of cardiac nervous pathways may be impli- 
cated in increased plasma levels of ANF of heart-trans- 
plant recipients, such as the increased atrial dimensions 
and myocardial mass due to persistence of a cardiac 
remnant containing a rim of the native atria,’ the renal 
insufficiency related to cyclosporine treatment® and pos- 
sible changes in atrial functions.’ In order to investigate 
the determinants of ANF secretion from a denervated 
human cardiac allograft, we have compared the effects 
of volume expansion on plasma ANF and cardiac he- 
modynamic parameters during right-sided heart cathe- 
terization in heart-transplant recipients and patients in- 
vestigated for chest pain syndrome who were taken as 
control patients. 


METHODS 
Patient selection: Thirteen heart-transplant. recipi- 
ents (mean age 49 + 9 years) were investigated for rou- 
tine invasive cardiac evaluation within the first year af- 
ter orthotopic heart transplantation. All patients re- 
ceived immunosuppressive therapy with prednisolone 
(0.2 to 0.3 mg/kg/day) and cyclosporine adjusted to 
maintain blood concentration between 250 to 400 ng/ 
mi (monoclonal antibody technique) or 700 to 1,000 
ng/ml (polyclonal antibody technique). Azathioprine- 
(1.0 to 1.5 mg/kg/day) was administered to 7 patients. 
Sex, age, interval from operation to study, underlying. 
pathology of the heart and treatment of each patient are 
listed in Table 1. All patients had sinus rhythm and — 
none had a history of atrial fibrillation. Antihyperten- | 
sive treatments (calcium antagonists and/or diuretics) p5 
were interrupted 2 days before the study. > , 
Eight control patients (mean age 54 + 2.5 y 
were studied for sani coronary disease. The 


I: is now widely admitted that the release of atrial na- 
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Mean + SEM 49.4 + 2.7 


A = azathioprine; C = 
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= cyclosporine; CAD = coronary artery disease: Fu = furosemide; DC = dilated cardiomyopathy: N= nicardipine: Ps prednisone 


- TABLE a Results of Left Ventricular Angiography and of Coronary Arteriography in Control Patients 


Patient 
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EF = ejection fraction; LAD = left anterior descending: LC = left circumflex artery: |. VEDV = left ventricular end-diastolic volume. 


valvular heart disease and no left ventricular hypertro- 
phy). None was hypertensive. Sex, age, incividual re- 


-sults of left ventricular angiography and coronary arte- 
-= Tiography of each patient are listed in Table H. Among 


< -those patients, 4 had normal coronary arteriograms. As 
_ in the group of heart-transplant recipients, all patients 
had sinus rhythm and no history of atrial fibrillation. 
All treatments (antihypertensive drugs and/or coronary 
vasodilating drugs) were interrupted 2 days before the 
‘study. — 
~All patients had given their informed consent to the 
rotocol that had been previously accepted by the local 
thie j] ics committee of the Henri Mondor hospital. 
Ca on procedure: Right-sided heart cathe- 
ization was: performed after the patients gave in- 
med a All oe were in the a state for 


theter E 


placed into the right atrium through the s same femoral = 


vein for right atrial pressure recording and saline infu- — 


sion. A 3Fr short catheter was placed into a femoral - 


artery for mean arterial pressure recording in heart “ 
transplant recipients. In control patients, aortic pressure ` 


was recorded through a 6Fr pig-tail angiographic cathe- 
ter (Cordis Europa N. v) placed into the aorta | via the 
right femoral artery. ae 
ol: After an interval of 15 minutes, bas jal pres- al 
sures were recorded, cardiac output was measured and 


blood ampi were obtained (t0). The entire proi cedu 


was repeated, for the first time after a 500 ml. 0.9% 
saline infusion into the right atrium at a rate of 100° 


min (t1), for the second time after another 500. tet nt fu: 


sion of 0.9% saline at the same rate (t2) and. 
third time 20 D minutes after the end of ne were! 


| abrir ‘was pace i into the e pino ar- : i ol hae a : 





ac index were determined by the thermodilution 
thod. Heart rate, arterial pressure, right atrial pres- 
re, pulmonary artery and pulmonary wedge pressures, 
temic vascular resistances and pulmonary vascular 
esistances were calculated by a catheterization data 
alysis computer system (Model 5600M, Hewlett- 
cka d) that performed on-line analysis of 9 beats for 
aging respiratory variations. 
N aximal area projections (absolute and indexed to 
ody surface area) of left and right atria were deter- 
; mined on angiograms by planimetry. Actual areas 
(cm?) were calculated after correction for x-ray magni- 
fication by recording a frame of a calibrated grid locat- 
~ ed at the midthoracic level. An estimate of atrial wall 
__ stress was obtained by multiplying maximal atrial area 
by maximal pressure recorded 20 minutes after the end 
f saline infusion (right atrial pressure for the right atri- 
m and pulmonary wedge pressure for the left atrium), 
Laboratory determinations: Blood was collected 


a from the right atrium into vacutainer tubes containing 


_ dipotassium ethylenediamine tetraacetate and centri- 
_ fuged immediately at 4,000 rpm for 20 minutes at 4°C. 


Plasma ANF was extracted from a 2 ml plasma aliquot 


on a C-18 octadecylsilane cartridge (Sep-Pak, Waters 


— _ Associates) and measured by a specific radioimmunoas- 
_ gay.as reported elsewhere.'° Cyclic guanosine mono- 


- _ phosphate (CGMP) was also measured after extraction 


~ by ethanol using a commercial kit (The Radiochemical 


- Centre). Plasma aldosterone and plasma-renin activity 
_ (PRA) were measured in all plasma samples according 


. to Pham Huu Trung and Corvol'! and Menard and 
= Catt, respectively. Plasma epinephrine and norepi- 


fe ‘nephrine were assayed only in the initial (t0) venous 


t for Bc RAP, PAP, PWP, CI, SVR 
eon groups (p <0.01) 20.08). 


AR ° <0.01) and PAP a at Ti i 


AP jmmitgi 


tinny twat ‘pat TO i z on m Baseline Data i in 1 Control Patients and He re 
ysis and calculation: Cardiac output and ` 


Transplant Recipients 


Heart-Tran aa ed 
Recipients 
(n= 13) 


Control 
Parameter Patients 


Studied (n = 8) 


Heart rate (beats /min) 7143 

Mean arterial pressure (mmHg) 9744 

Mean right atrial pressure 4+1 
(mm He) 

Mean pulmonary artery 
wedge pressure (mm Hg) 
Cardiac index (liters /min /m*) 
Systemic vascular resistance 

(mm Hg / liters /min)} 
Mean pulmonary artery 
pressure (mm Hg) 
Pulmonary vascular 
resistance (mm Hg) 
Arterial venous oxygen 
difference (mi/100 mi) 
Plasma creatinine (umol /L) 
Plasma epinephrine (ng /liter) 
Plasma nerepinephrine 
(ng /liter) 
Plasma osmolality (mOsm/kg) 28841 29341 


Data are mean + standard error of the mean. 
NS = nonsignificant. 


blood collection according to Mefford et al.!3 Plasma 
creatinine was measured using the usual technique 
adapted to a Technicon autoanalyzer and plasma osmo- 
lality was determined by cryoscopy. 

Statistical analysis: Data are given as mean + stan- 
dard error of the mean. Comparisons within the same 
group were performed using 2-factor (patients, time of 
blood collection) analysis of variance or Student’s t test 
for paired values. The relations between plasma ANF 
concentration and other parameters were analyzed by 
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pressure. 


linear regression procedure. Comparisons between the 2 
groups were performed using Student’s ¢ test for un- 
paired values or covariance analysis. 


RESULTS 
Hemodynamic data: Under basa! conditions, heart 
rate was higher in heart-transplant recipients than in 
control patients (p <0.01). All the other hemodynamic 
=. parameters were not significantly different in the 2 

-groups (Table HI). 

In the control patients, saline infusion resulted im an 
~~ increase of right atrial, pulmonary artery and pulmo- 
=< nary wedge pressures and of cardiac index (p <0.01). 
Systemic vascular resistances and arterial-venous oxy- 
-. gen difference were significantly decreased (p <0.01). 
- Heart rate, mean arterial pressure and pulmonary vas- 
< cular resistances did not vary significantly. All values, 
bee except pulmonary artery pressure, had returned to their 
basal levels 20 minutes after the end of the intravenous 
saline load (t3, Figure 1). Comparison between the 4 
patients with normal coronary arteriography and the 4 
patients with coronary artery disease revealed similar 
data for all the parameters during the whole procedure. 
In memes a recipients, right atrial, pulmo- 





1 of saline e (0 aid tl-t2). pace sae Teien resis- 
and arteri ial-venous oxygen ¢ difference were de- 


NS = not significar, SEM = standard error of the mean, Sa = left anterior surface, Sa, 
atrial surface: Sas. = indexed right atrial surface; Sra, X Pmiaxna = astimate of reght atrial wall stress: Pmax = deft atrial maxirnum pressure: Prmaxps = 


= indexed left atrial surface; Sia X Pmax = estimate of left atrial wall stress; Sea = right 
right atrial maximum 





and pulmonary wedge pressure as well as mean arterial 
pressure had not returned to basal values (p <0.01 for 
the first 2; p <0.05 for the latter), as had right atrial 
pressure, cardiac index, arterial-venous oxygen differ- 
ence and systemic vascular resistances (Figure 1). a 
Comparison between the 2 groups showed differ- 
ences only for heart rate, which remained higher in the — 
transplanted group during the whole procedure (p 
<0.01), and for pulmonary artery pressure, which was. _ 
higher in the transplanted group 20 minutes after the _ 
end of the saline load (t3; p <0.05). Ny 
Atrial dimensions and estimate of atrial wall stress- 
es: These parameters were measured only once at the 
end of the study. Absolute and indexed area projections — 
of both the right and left atrium were significantly high- 
er in heart-transplant recipients than in control patients. 
In contrast, right atrial and pulmonary wedge pressures 
measured simultaneously were similar in both groups. 
Although there was a trend of the estimate of the wall _ 
stress of the right atrium to be higher in. transplanted = 
patients, this parameter was significantly higher than i in woe 
control patients only. for the left atrium (Table IV), ae 
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Plasma .srepinbphrine mo a $ t sie signifi i eam in heart-trar 
plant recipients (P <0.01), whereas plasma. epin 

















en 4€ there was a trend toward PRA decrease, 
ch was the most marked initially (tl; p = 0.07). 
sma aldosterone decreased significantly during and 
T the infusion (p <0.01), the concentration reached 
t t3 being <50% of the basal value (Figure 2). 
-Jn the heart-transplant recipients, there was a trend 
f plasma ANF to increase with saline infusion (+19% 
t t2), but the level of significance was not reached. 
sma cGMP and PRA did not change significantly in 
ponse to saline infusion. Only plasma aldosterone de- 
ised over the whole period studied. It reached 56% of 
its basal value 20 minutes after the end of the sodium 
load (t3, Figure 2). 
At any time, plasma ANF and cGMP were higher 
cs in the heart-transplant recipients than in the control pa- 
_ tients (p <0.01). In contrast, there were no significant 
-differences between both groups for PRA and plasma 
aldosterone, although PRA tended to be higher in 
-- heart-transplant recipients. No significant difference 
/ was observed between the absolute increases of plasma 
_ ANF at the end of the infusion period (t2-t0) in both 
groups. 
Relations between hormonal and hemodynamic pa 
- rameters: Comparison between Figures 1 and 2 show! 
_ that plasma ANF and cGMP remained elevated after 
_ the end of saline infusion (t3) whereas right atrial and 
es pulmonary wedge pressures decreased rapidly. Parallel- 
ism between plasma concentrations of these 2 parame- 
ters and atrial pressures was observed only during the 
_ saline infusion. Therefore, for the correlation calcula- 
->< tions we used only the results obtained initially (t0) and 
during the infusion (t0-t1l, tl-t2). We were unable to 
_ find any significant relation between plasma ANF and 
right atrial pressure or pulmonary wedge pressure, the 
latter being considered as reflecting the left atrial pres- 
gure, in heart-transplant recipients as well as in control 
patients. Covariance analysis showed that plasma ANF 
~ was higher (p <0.01) in heart-transplant recipients than 
1 in control patients for a given right atrial pressure or a 
given pulmonary wedge pressure. 
We also correlated plasma ANF measured at the 
end of the saline infusion with the parameters calculat- 
ed from the data of the cardiac angiography. We first 
pooled the results of both groups. Plasma ANF was sig- 
nificantly correlated with left atrial indexed surface (p 
0.01) and the estimate of left atrial indexed wall stress 
.05). A borderline significance (p = 0.051) was 
stained for the correlation between plasma ANF and 
ft atrial pressure. Plasma ANF was also significantly 
rrelated with right atrial indexed surface (p <0.05) 
it not with right atrial pressure and the estimate of 
ght atrial indexed wall stress. No significant correla- 
on was found when both groups were studied sepa- 





























Other relations: Plasma ANF was significantly cor- 
ted with plasma cGMP in both groups (p <0.05 for 
X ontrol group and p <0. .001 for the TERNE 
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ANF, plasma cGMP was greater in the heart- tran 
plant recipients. 7 | 
Plasma ANF measured under basal E (10) 
was significantly correlated (p <0.01) with plasma cre- 
atinine when the data of both groups were pooled. A 
similar significant relation was observed between both 
parameters measured at the end of the study (t3). 


DISCUSSION 

The results presented in this report clearly show that 
plasma ANF and its second messenger, cGMP, are ele- 
vated in heart-transplant recipients under basal condi- 
tions and after an intravenous saline load. High plasma 
ANF levels have been previously reported in such pa- 
tients.” In contrast with the findings of Myers et al,‘ 
who noted a discrepancy between an exaggerated re- 
sponse of plasma ANF and a normal response of uri- 
nary CGMP to immersion in cardiac transplant recipi- 
ents, we observed in parallel elevated ANF and cGMP 
plasma levels. Both parameters were significantly corre- 
lated in both groups. The significant relation between 
ANF and plasma cGMP in heart-transplant recipients 
suggests that the elevation of plasma ANF in these pa- 
tients corresponds to biologically active forms. 

The reasons why plasma ANF is high in heart-trans- 
plant recipients are probably multiple. Mean right atrial 
pressure and mean pulmonary wedge pressure, which 
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Therefore, ahe facia should ibe implicated. Two ap- 
pear to be essential. First, atrial dimensions and/or atri- 
-al stretch have been considered to be the principal de- 
© terminants controlling the release of ANF.'*!5 In this 
study, right and left atrial areas were significantly cor- 


>- related with plasma ANF concentration when data ob- 


_ tained in both groups were pooled. Moreover, since the 
areas of both atria were significantly greater in the 
group of heart-transplant recipients (Table IV), which 
could be explained in part by the presence of a cardiac 
remnant of the recipient, this parameter may have in- 
fluenced the level of plasma ANF. The estimates of left 
atrial wall stress of all the patients were significantly 
correlated with plasma ANF and were significantly 
higher in the heart-transplant group. Similar results 
were not found for the right atrium, perhaps because we 
have used a relatively rough estimate of atrial wall 
stress that does not take into account the volume, the 
geometry and the wall thickness of the atria. A second 
reason for higk plasma ANF levels in heart-transplant 
recipients may be their moderate renal insufficiency. 
Plasma creatinine was significantly higher in these pa- 
tients and plasma ANF correlated with plasma creati- 
nine when the data obtained in both groups were 
pooled. This suggests that the high plasma ANF levels 
of heart-transplant recipients were, in part, due to the 
lower renal catabolism of ANF associated with renal 
failure, which can be attributed to the treatment by cy- 
closporine.® 

The role of cardiac denervation by itself on ANF 
secretion also had to be considered. We have previously 
reported high plasma ANF levels in patients with cardi- 
ac autonomic dysfunction such as end-stage uremic pa- 
tients! or insulin-dependent diabetic patients.!° More- 
over, it has been suggested that cardiac innervation 
could play a role in modulating ANF secretion.’ 
Heart-transplant recipients exhibit symptoms of cardiac 
vagal denervation,’ which was probably responsible for 
the increased heart rate of the patients in this study. 
However, on the basis of our data, the role of cardiac 
denervation by itself on ANF secretion remains hypo- 
thetical. 

In response to the saline load, plasma ANF in- 
creased during the infusion but did not decrease in par- 
_ allel with atrial pressure at the last period in the control 
group. Danamberg et al,'? who observed the same re- 
sults in healthy patients, hypothesized that receptors 
outside the atrium responded to the increase in total 
body salt or water by initiating neural or hormonal sig- 
_ nals to the atrium, causing ANF secretion. According 
_ to this hypothesis, denervation of the heart transplant 
gould explain that the increase in plasma ANF in the 
tra Anéplanted patients did not reach the level of signifi- 
cance during and after saline infusion. Alternatively, the 

that the blunted ANF secreticn in response 
odium load in heart-transplant recipients could 
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eir high b rosal oes ANF levels is not 









ing the period of saline infusion was chacae er: 
both groups by the increase in atrial pressures, whicł 
turn produced an increase in cardiac index with 
change in heart rate. This increase of cardiac index was- 
associated with an elevation of pulmonary artery pres- 
sure without change in pulmonary vascular resistances. — 
However, the consequences of the saline infusion on the 
systemic circulation were not identical in both groups. 
Mean arterial pressure increased slightly despite the de- 
crease of systemic vascular resistances in heart-trans- 
plant recipients, whereas it was not modified in control _ 
patients. The phase of restoration after the end of the — 
perfusion also appears to be different in both groups. In 
control patients, most of the hemodynamic parameters 
returned to normal values, whereas in heart-transplant 
recipients mean arterial pressure, pulmonary artery 
pressure and pulmonary wedge pressure remained ele- 
vated in comparison with their control values. This im- 
paired vascular reactivity in transplanted patients could 
result from the persistence of vascular lesions indepen- 
dent of their initial cardiopathy. Alternatively, the slug- 
gish response of plasma ANF in this group could be 
implicated in the nonreturn to basal values of the hemo- 
dynamic parameters. 
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aphic left ventricular (LV) hypertro- 


Le sy involving ST-T abnormalities, in addition to 
high QRS voltages, is associated with increased 

: risk of cardiovascular disease mortality. Unfortu- 

; have limited utility in the quantitative assessment 
of LV hypertrophy. Body surface potential maps, 

- which contain diagnostic information not present in 


-commonly used lead systems, were recorded from 


117 thoracic sites and 3 limb electrodes in 72 nor- 
<- mal subjects and 84 patients with LV hypertrophy. 
_ Multiple regression analysis was performed sepa- 

rately for 54 women and 102 men on 120-lead 

_ data, using as features instantaneous voltages on 

__ time-normalized P, PR, QRS and ST-T waveforms. 
-Leads and features for optimal prediction of echo- 

_ cardiographically determined LV mass were select- 
ed. A total of 6 features from 3 torso sites in men, 
_ and from the same 3 sites plus 2 others in women, 
and electrocardiographic estimates of LV mass of 

_ 0.89 and 0.88, respectively. The standard errors of 
- the estimate (SEE), or average errors in predicting 
: LV mass from the regression equations, were 31 

and 22 g, respectively. The single most potent pre- 


. dictor in both sexes was a mid-QRS voltage mea- 


‘sured on a lead positioned 10 cm below Vi; QRS 
- duration, late QRS and early-to-mid T-wave ampli- 
tudes recorded in the lower left flank contributed 
g PESEE 10 Tie oe emenre ot hee (saeco 
- dlographic prediction of LV mass were outside the 
enone load locations, in comparison, regres- 
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t Ventricular Mass by 


sion analysis on the standard 12-lead electrocar- 
diogram in the same population produced a correla- 
tion of 0.76 in men and 0.75 in women; the SEE 
were 48 and 35 g, respectively. The Sokolow-Lyon 
criterion and the Romhilt-Estes point score yielded 
correlations of 0.57 and 0.69, respectively, in men 
and 0.51 and 0.67 in women. Substantial improve- 
ment in predicting LV mass from electrocardio- 
graphic measurements can be achieved by appro- 
priate selection of a limited, practical subset of 
electrode positions from body surface potential 


maps. 
(Am J Cardiol 1990;66:485-—492) 


increased risk of cardiovascular mortality, partic- 

ularly when electrocardiographic abnormalities 
include ST-T changes in addition to high QRS volt- 
ages.'-? Unfortunately, conventional electrocardio- 
graphic criteria, which are primarily aimed at recogniz- 
ing the presence or absence of LV hypertrophy, have a 
low sensitivity and limited utility in the quantitative as- 
sessment of LV hypertrophy, for instance in comparison 
with echocardiographic determination of LV mass.* A 
recent study, using an electrocardiographic estimate of 
LV mass on a continuous scale, indicated a substantial 
improvement in identifying persons at increased risk for 
cardiovascular mortality over conventional, dichoto- 
mous electrocardiographic criteria for LV hypertrophy; 
moreover, relatively high levels of correlation (0.82 for 
men and 0.63 for women) between electrocardiographic 
and echocardiographic estimates for LV mass were also 
reported.° 

Body surface potential maps contain diagnostic in- 

formation not readily available from standard electro- 
cardiographic leads using conventional diagnostic crite- 
ria in a variety of cardiac conditions, including LV hy- 
pertrophy. This was demonstrated by Holt et alf who 
achieved a correlation as high as 0.92 between electro- 
cardiographically and angiographically determined LV | 
mass. However, their statistical model based on a 12- 
dipole model computed from QRS amplitudes from 
recording sites is relatively complex for standin 
applications. | 


| eft ventricular (LV) hypertrophy is associated with 







































- | measurement on that waveform, namely 8, 8, 18 and 18 voltages for P, PR, QRS. and 
>d text). 
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Ü, f L24 QRS 10 : 

LIOBQRSE -007 -047 L86STT11 -0.16 -0.72 

“| QRSduration 218 042 L79QRS18 0.45 -0.54 

| L79 QRS 18 6.30 -0.44 P duration 0.86 0.53 

o> £86STT1I1 -0.11 -0.59 QRSduration O81 0.55 

 LI6STT1 -0.36 032 L&6P7 -0.37 -0.37 
Constant = —13.50 Constant = 33.27 






: ‘The lead numbers. correspond to the recording sites of the eiectrocardiographic 
aea selected by multiple regression analysis on 1 20-4ead data (Figure 1). 
The number following the name of the waveform identifies the instantaneous 






ST-T waveforms, respectively, in addition to the durations of these waveforms (see 





Corr Coef = univariate) correlation coefficient; L = lead; Reg Coe? = regression 


coefficient, 








body surface potential map data while retaining a high 
level of specificity. Using a 120-lead data file of 173 
normal subjects and 122 patients with pure LV hyper- 
‘trophy, we identified 6 electrocardiographic features 
from 5 torso locations that yielded a 94% sensitivity 
with a 97% specificity. While this represents a promis- 
ing improvement in the diagnosis of LV hypertrophy 
over criteria from the 12-lead electrocardiogram, no as- 
sessment was performed to determine how well the se- 
verity of LV hypertrophy can be quantified using statis- 


ae tical models for estimation of LV mass. The primary 


- potential utility of such models lies in attempts to quan- 


s tify progression and regression of LV hypertrophy in 


< clinical intervention studies. In the present investigation 


we used the echocardiogram as an electrocardiogram- 


-independent standard for a regression model using body 
surface potential map data from 156 subjects to derive a 


mode "echocarGingtams were " available and reco 


The normal group consisted of 26 women ranging in 








within a mean of 2 days of each other: 72 were norma 
subjects and 84 were patients with LV hypertrophy 


age from 24 to 70 years (mean 42) and 46 men ranging 
in age from 25 to 69 years (mean 45), with no evidence 
of heart disease by history, physical examination, chest 
x-ray and M-mode echocardiography. Patients were 14. 
to 71 years old (mean 48); 28 were women and 56 men. 
The presence of LV hypertrophy was assessed by M- __ 
mode echocardiograms; the diagnosis was further sub- 
stantiated by cardiac catheterization with ventriculog- 
raphy, radionuclide angiography, chest radiographs, 
cardiac surgery or a combination of these: 36 patients 
had aortic stenosis, 31 patients had sustained hyperten- > 
sion (>150/90 mm Hg) and 17 patients had coronary = 
artery disease. ne 
Echocardiography: M-mode echocardiograms were 
performed with patients in the left lateral decubitus po- 
sition. All measurements of the LV cavity, ventricular — 
septum and LV posterior wall were obtained at the mi- 
nor dimension of the left ventricle; the measurements 
were performed independently by two observers, using 
the Penn convention® to determine LV mass: the latter 
ranged from 94 to 346 g in women and from 126 to 527 
g in men; the upper normal limits for both sexes in the | 
study population were 179 and 221 g, respectively. 
These values represent approximately the normal mean 
+ 2 standard deviations in women (mean 137 g, stan- 
dard deviation 20 g) and in men (mean 173 g, standard — 















lier” as thresholds 






signals w were ¢ recorded simultaneously on digital 
from 117 torso and 3 limb electrode sites in each 
and digitized at 500 samples/s with Wilson’s 
al terminal as reference potential. Tracing quality 






ata were processed by performing selective aver- 
and again carefully edited. Details of the proce- 
ave been reported previously.’ All measurements 
performed with the TP segment as baseline, and 
n time instants for P onset, P offset, QRS onset, 
offset and T offset were derived from superim- 
i Frank X, Y and Z- leads. We then time-normal- 
sepi rately the P wave, the PR segment, the QRS 
ym and the ST-T waveform and represented 
em py 25, 25, 70 and 180 points, respectively. 
ture extraction and regression analysis: We 
qa instantaneous voltage measurements obtained by 
: sampling the time-normalized waveforms at equal inter- 
vals; this resulted in 8, 8, 18-and 18 samples for P wave, 
PR segment, QRS and ST-T waveforms, respectively, 
Le. 52 X 120 data/subject. Added to these variables 
_were P, PR, QRS and ST-T durations measured before 
_time-normalization. Stepwise multiple linear regression 
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monitored visually during the recording; later the 
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IQRSIO € OVLQRS9S -002 
QRSduration 060 042 V6STT3 029 -039 
V6STT3 0.70. -0.39 QRS duration 142 055 
P duration 135 0.44 Pduration 0.79. 0.53 
V5QRS18 -0.22 -0.41 1QR$10 002 0.51 














Constant = —17. 95. Constant = ~30.81 


The number folowing 3 the. name of the wavetorm identies The nanana. | 
measurement on that waveform (see text). 
Abbreviations as in Tablet, K 










analysis was performed using a program of the Biomed- 
ical Program library'®: using electrocardiographic mea- 
surements from 120 leads as continuous independent — a 
variables for estimating echocardiographic LV mass, _ 
separate regression equations were computed for women _ 
and for men. Similarly, prediction formulas were de= _ 
rived separately for women and for men from the 12-. _ 
lead electrocardiogram. For comparative purposes we 
also tested regression variables extracted from the con- 
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coefficients for both sexes. The electrode positions from 





anil 


(leads 24, 79 and 86) and 2 additional sites are selected 
for women only (leads 16 and 103). Figure 2 shows 
echocardiographic LV mass plotted against LV mass 
computed from map data. The correlation between 
echocardiographic and electrocardiographic estimates 
of LV mass was practically identical in both sexes (0.88 
“yersus 0.89); the standard error of the estimate (SEE) 
was 22 g for women and 31 g for men. The single most 
- powerful, common predictor both in men and in women 
< is a mid-QRS voltage measured on a lead positioned 10 
cm below V, (lead 24). Univariate correlations between 
single variables and LV mass show important sex-relat- 
-ed differences: QRS duration is selected in both regres- 
> sion models but correlates better with LV mass in men 
(r = 0.55 vs r = 0.42); also, while men require addition- 
al P-wave information (P duration and termina! P volt- 
age in lead 86), women use a mid-QRS voltage in the 
lower back and a very early ST voltage in the vicinity of 
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Mpi Table rean lists the regression varial es and their os 


which the listed variables originate are shown in Figure — Ce 
1; 3 recording sites are common to men and to women 1: electroca 
variables derived : from the conventional electrocardio- 












et Table T tf lists the an a Y 












gram for both sexes. Again, similar multiple correlation 
coefficients are obtained, 0.75 for women and 0. 76. for 
men; the corresponding SEE are 35 and 48 g, re est 
tively. Figure 3 shows echocardiographic LV mass p 
ted against LV mass computed from i2-lead data. The 
best predictor i in both groups is an early-to-mid T volt- S 
age in Ve; other common measurements are P and QRS ee 
durations, a mid-QRS voltage in lead I and an early ST = 
voltage in Ve. Important sex-related differences are also 
present: QRS and P durations are better correlated to 
LV mass in men (r = 0.55 and r = 0.53) than in women ` 
(r = 0.42 and r = 0.44) while V, QRS 9/18, which. 
corresponds roughly to the S wave, is a good predictor bi 
in men only (r = —0.56). ae 
Using the criteria reported by Casale et al! (RaVL, 
SV3, TV1, QRS duration and P wave terminal forces in 
V) for estimating LV mass in our groups yielded r = 
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on ctroce aop akit measure- 
ae o outside the conventional lead locations in 








ands women on 2 additional electrode sites. Tn 
stingly, these positions are identical to, or in the im- 








poses in a recent investigation on a population 
om : which the present study group originates.” Several 
ariables, selected as good discriminators, are also en- 
: ered i in the regression equations, albeit not in the same 
_ order (e.g., P duration, which was the single best classi- 
_ fier separating normotrophic from hypertrophic subjects 
_ shows up at step 4 in the regression model for men and 








ue FIGURE 4. Top, the 12-lead electrocar- 
S diogram from a patient with aortic steno- 
- (BSPM) and discriminant maps (DM) from 
: the same patients at instants indicated at 
-the left of the maps on a reference lead (at 
a 10/18 QRS and 11/18 ST-T). The solid 


e deed, discriminant analysis reduces several ator i ad = 


ed iate vicinity of, those reported for optimal classifica- 


LHH 


ggested by R : “ o 
= = 0.70 in women n GEE = 37 "9 and r= = t prol 











measurements for each individual to a single weighted £ 
composite score and determines a cutting point that- 
minimizes errors of misclassification while multiple re- 
gression analysis computes a quantitative relation be- 
tween a single dependent variable (e.g., LV mass) and 
several independent variables or predictors (e.g., volt- 
ages and durations) on a continuous scale without aim- 
ing at a clear demarcation line. AR 

Figures 4 and 5 illustrate the better and more consis- 
tent predictions achieved with map data over the 12- 
lead electrocardiogram. Figure 4 represents a male pa- 
tient with aortic stenosis and echocardiographic LV 
mass. of 269 g. The Sokolow-Lyon voltage‘? reached 41 
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QRS 10 + 2056 


“chest t mid-QRS a and i in ‘the left flank at ‘the 


peak « of the T wave; these patterns, typical of LV hyper- 


trophy, were described in an earlier report.!4 The re- be 


ression model computed from map data predicted TV jetit 


mass at 258 g while the prediction from the ed LY we d £ Got relatir 
cardioprnglac s or ma bass Té one LV mass with 


lectrocardiogram produced 311 g. The male patient 


shown in Figure 5 had severe hypertension and coronary 


artery disease; echocardiographic LV mass was 264 g. 
The Sokolow-Lyon voltage equaled 29 mm and the 
Romhilt-Estes t score was 4. P and QRS durations 
were 106 ms and 88 ms, respectively. Multiple regres- 
sion analysis frem maps and from the 12-lead electro- 
cardiogram yielded predicted LV masses of, respective- 
ly, 245 and 202 g. Here too, map patterns typical in 


time and in location of LV hypertrophy and unsampled 


by standard precordial lead positions were observed. 
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cently, Casale et al! Goveloped sexapeaile 
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cardiographic model for predicting the risk of cardio- : 
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els of correlation between echocardiographic 
electrocardiographic estimates for LV mass index 
3) (0. 82 for men and 0.63 for women). 
The diagnostic yield of the electrocardiogram could 
further enhanced with the use of multiple lead data. 
lt et al,° using tracings from 126 body surface sites 
nd deriving 12 dipole electrocardiograms, achieved a 
relation of 0.92 between angiographically deter- 
ned LV mass and the multiple dipole model. In a 
ater study, Dunn et al!5 compared the performance of 
1¢ 12-lead electrocardiogram, Frank’s XYZ leads and 
ié: multiple dipole model and reported correlation coef- 
ficients of 0.61, 0.78 and 0.89, respectively. Recently, 
Yamaki et als evaluated body surface map features 
-o during QRS for accuracy in estimating LV wall thick- 
-~ ness and achieved a correlation of 0.73, which compared 
— favorably with the Sokolow-Lyon voltage (0.44) and the 
_ Romhilt-Estes score (0.59). In the present study, we 
combined P, QRS and ST-T voltages from map data as 
‘ well as durations to achieve correlations of 0.89 in men 
~ and 0.88 in women; corresponding coefficients for the 
12-lead electrocardiogram were 0.76 and 0.75. In the 
Same population the correlation between the Sokolow- 
Lyon voltage and LV mass was 0.57 in men and 0.51 in 
_ women; the Romhilt-Estes point score yielded correla- 
tion coefficients of 0.69 and 0.67, respectively. Interest- 
__ ingly, the results achieved in the present population with 
the measurements proposed by Casale et al!! and by 
_ Rautaharju et al were very similar (roughly 0.70 for 
both sexes) and comparable to those obtained with the 
.. -point score, suggesting the existence of a large variety of 
-regression models derived from the standard electrocar- 
_.. diogram with only slightly different performances. 
Study limitations: The first limitation deals with the 
assessment of LV hypertrophy. Numerous studies have 
compared angiographic and echocardiographic mea- 
surements with autopsy findings for the prediction of 
ay LV mass, In the present study, LV mass was computed 
1! from M-mode echocardiograms according to the Penn 
-= -gonvention. Although these measurements are them- 
selves estimates, they were found acceptably accurate; 
_. for instance, Devereux and Reichek® reported a correla- 
tion of 0.96 between echocardiographic and postmortem 
LV mass. It is also possible that 2-dimensional echocar- 
_diograms may further improve estimation of LV size. 
e technical quality of echocardiographic tracings is 
ndeed of great importance since small errors in measur- 
thicknesses translate into large errors for total LV 
mass. Another source of error is the variability resulting 
rom beat-to-beat and day-to-day variations in both the 
lectrocardiographic and the echocardiographic data. In 
he present study, the SEE, which may be interpreted as 
-sort of average error in predicting LV mass from the 
ession equation, was 31 g in men and 22 g in wom- 
‘in that respect it is interesting to note that when 
ocardiographic recordings from the present investi- 
‘were measured by 2- experienced. echocardi- 
CE and T the a ference in calculated 



















































pV iisi ra ranged frond 0 to 49 g an 26 g); no syste 
-atic bias was observed. Ideally, LV mass should be est 
mated in relation to body surface area; however, be 


i ferent race-sex groups ad reduced fan 
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cause of the retrospective character of the present. study 
body surface area was not available for each subject. 

A second limitation is the inadequacy of the regres- ~ 
sion model in atrial fibrillation because of the inclusion — 
of P data in the analysis. Performing multiple regression 
analysis from 120-lead data in men without P-wave 
measurements resulted in a multiple correlation coeffi- 
cient of 0.86 (from 0.88 with P data) and a SEE = 34 g 
(from 31 g); an early ST measurement in lead 16 anda 
late T voltage in lead 86 were substituted for the P data _ 
in the regression model (Table I). 

Other limitations are patient selection and sample 
size. Only subjects with clear-cut LV hypertrophy were 
included in the study population. Most patients had ei- 
ther aortic valve disease or severe hypertension; it is 
therefore quite possible that the prediction model may 
be found less adequate in milder forms of LV hypertro- 
phy. Also, the marginal sample size did not allow strati- 
fication by age or meaningful breakdown in training 
and testing sets. The main point, however, is that quan- 
titative estimation of LV mass from body surface poten- 
tial maps was clearly superior to that achieved with the 
standard 12-lead electrocardiogram, given the same 
limitations for both methods. 

Clinical implications: The clectrocardiogram is the 
easiest, least expensive and most widely used noninva- 
sive method for detecting the presence of LV hypertro- 
phy; in contrast with the echocardiogram, it can be per- 
formed on all patients and there are no important tech- 
nical constraints. The present study addressed the 
quantification of LV hypertrophy rather than the mere 
recognition of the condition; it identified a limited num- 
ber of recording sites (3 for men and the same 3 plus 2 
others for women) from which simple voltage measure- 
ments, in addition to P and QRS durations, could be 
computed for optimal estimation of LV mass. These 
lead positions were outside the conventional electrocar- 
diographic lead locations, namely in the lower right an- 
terior chest and in the left flank and lower back. To 
fully establish the clinical usefulness of the present re- 
sults for estimating LV mass, larger and more diversi- 
fied groups of subjects need to be explored: it is indeed 
imperative to have a stable and reliable model for pre- 
dicting LV mass before it can be used to follow the evo- 
lution of LV hypertrophy and the possible effects of 
therapy on cardiac size. 
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7 PEA a simple noninvasive means of estimat- 
- ing right atrial (RA) pressure, the respiratory mo- 
_ tion of the inferior vena cava (IVC) was analyzed by 
_ 2-dimensional echocardiography in 83 patients. 

_ Expiratory and inspiratory IVC diameters and per- 
_ cent collapse (caval index) were measured in sub- 

: — views within 2 em of the right atrium. Pa- 
tadon catheter within 24 hours of tne echocac he. 

. gram (38 were simultaneous). Correlations be- 

_ tween RA pressure (range 0 to 28 mm Hg), expira- 
tory and inspiratory diameters and caval index 

_ were 0.48, 0.71 and 0.75, respectively. Of 48 pa- 
_ tients with caval indexes <50%, 41 (89%) had RA 
_ pressure >10 mm Hg (mean + standard deviation, 
_ 15 + 6), while 30 of 35 patients (86%) with 

caval indexes >50% had RA pressure <10 mm Hg 
_ (mean 6 + 5). Sensitivity and specificity for dis- 

_ crimination of RA pressure > or <10 mm Hg were 
maximized at the 50% level of collapse. Thus, IVC 
_respiratory collapse on echocardiography is easily 
imaged and can be used to estimate RA pressure. 
-A caval index 250% indicates RA pressure <10 
mm Hg, and caval indexes <50% indicate RA pres- 
‘gure >10 mm Hg. 

7 (Am J Cardiol 1990;66:493-496) 
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cal value because it reflects right-sided cardiac 

hemodynamics and central blood volume. It is 
also useful in the noninvasive evaluation of pulmonary 
pressures. Doppler echocardiography provides a method 
to estimate pulmonary pressures.'? Peak pulmonary 
systolic pressure is estimated by summing the peak pres- 
sure calculated from the Doppler velocity of tricuspid 
regurgitation (AP = 4V3) and the RA pressure. An ac- 
curate mean RA pressure will add precision to these 
pulmonary pressure calculations. Studies have cor- 
firmed the relation of the inferior vena cava (IVC) size 
and behavior to right-sided cardiac hemodynamics and 
central blood volume.>~’ In this study, we sought to de- 
termine the efficacy of inspiratory collapse of the IVC 
on 2-dimensional echocardiography as a simplified 
guide to RA pressure. 


METHODS 

Analysis of records of right-sided cardiac catheter- 
izations at our institution from January 1985 to Sep- 
tember 1987 revealed 113 patients who had an echocar- 
diogram within 24 hours of hemodynamic evaluation. 
There were 30 patients excluded due to presence of me- 
chanical ventilation (10), or technically inadequate or 
absent IVC imaging, leaving 83 study patients. Of 
these, 38 had an echocardiogram and right-sided cardi- 
ac hemodynamics performed during the same hour (“si- 
multaneous”). The right-sided cardiac catheterization 
was performed using flow-directed pulmonary artery 
catheters in intensive care units (66 patients) or in the 
cardiac catheterization laboratory (17 patients). Mean 
RA pressure measurements were obtained from moni- 
tor-produced strips by trained nursing staff in the inten- 
sive care units and by cardiologists in the catheteriza- 
tion laboratory. Charts were reviewed for mean RA 
pressure, and presence or absence of mechanical ventila- 
tion. 

Measurements of IVC diameters were performed by 
2 independent observers from long-axis 2-dimensional 
subxiphoid views, with the patient in a supine to 30° 
upright position. Following long established routine lab- 
oratory practice, alert patients were asked to inspire 
without performing a Valsalva maneuver during ima 
ing of the IVC. If minimal or no collapse was obs 
atients would then be asked to “sniff” several. 


K arene of right atrial (RA) pressure is of clini- 



























































minim inspiratory and the maximum expiratory « 
ameters of the IVC were determined after frame-b 
frame analysis. Diameters were measured by calipers 
using the trailing edge to leading edge technique. The 

“caval respiratory index” was defined as the percent de- 
crease in diameter of the IVC with inspiration (Figures 
1 and 2). 

Data analysis: Results are presented as mean + 
standard deviation. Correlations of RA pressure with 
IVC diameters and the caval respiratory index were de- 
termined with least-squares linear regression analysis. 
Mean values between groups were compared by the 
paired ¢ test. The null hypothesis was rejected at the 5% 
probability level. Sensitivity, specificity and ee 
accuracy were calculated in standard fashion.’ Interob- 
server variability was defined as the average percent dif- 
ference in measurement values between the 2 observers. 





RESULTS 
The study included 83 patients who had echocardi- 
ography of the IVC performed within 24 hours of right- 









Hen variability for ip arian ean A , measure- 
ments was 8%. ve 

The mean RA pressure averaged il + 7mm Hg 
(range 0 to 28) for all patients, and in the subgroup of 
simultaneous patients (Table I). There were no signifi- 
cant differences between all patients and the group of 
simultaneous patients. 

Although the end-expiratory diameter of the IVC 
did not correlate closely with RA pressure (r = 0.48), 
there was a better correlation of the end-inspiratory di- 
ameter and RA pressure (r = 0.71, standard error of 
the estimate [SEE] = 4.8, Figure 3). The correlation 
between RA pressure and the caval respiratory index 
was r = 0.75 (SEE = 4.5, Figure 4). This correlation 
did not improve when only simultaneous patients were 
analyzed (r = 0.73, SEE = 4.0). 

All those patients having respiratory caval indexes 
<20% had RA pressures above 10 mm Hg. Of 48 pa- 





FIGURE 1. Long-axis 2-dimensional subxiphoid image of the inferior vena cava and right atrium (RA) showing end-expiratory 
(A) and end-irspiratory (B) phases. Arrows indicate area of collapse, measured te be >50% in this patient. 

















Final 


No. of Diameter Diameter. 
Pts (cm) — (em) Collapse 





£2407 
11407 


42425 


19405 44 + 26 


id: A of ese patient: are listed i in i Table I 1E | 

At various levels of IVC collapse, the sensitivity and 
specificity of the caval respiratory index for an RA 
o pressure 210 mm Hg were determined (Table III). 
Sensitivity and specificity. were optimized at the 50% 
1 level of collapse. At this level, the predictive accuracy 
for RA pressure > or <10 mm Hg was 88 and 81%, 
_Tespectively. 


DISCUSSION 
_ The size and respiratory response of the IVC is 
‘known to reflect right-sided cardiac hemodynamics and 

















— = 4.8 mm Hg. 


‘Right Atrial Pressure (mm Hg) 


__ Right Ail Pressure (mm Ho) 







| Š Tatard diameter om 


£ ia blood volume, During inspiration, negative in- 
tra-pleural pressure develops, permitting increased ve- 


y = -2x + 19.443, R-squared: 





7 7 | oor 250% : lapse 





2140.4" L6+05 

_ (0.7-3.0) (0.4-2.5) 

Final diameter (om) 16204* 0.6204 

S*  {0.6-2.6) (0,0-1.6) 
-Caval index (%)  24413.8* 65+ 18.3 


Ranges arein parentheses.. i 
s p <0. 05 Versus: 250%. group. 


nous return to the right heart. As flow in the IVC in- 


creases and intraluminal pressure decreases, the diame- __ 


ter of this highly compliant vessel decreases. Increased 
intraabdominal and diaphragmatic compression during 


inspiration may also play a role in the collapse of the 


IVC. This normal inspiratory collapse of the IVC is al- 
tered when flow is impeded by increased right-sided 
cardiac filling pressures. 

Two-dimensional echocardiography provides a non- 
invasive, in vivo, real-time means of imaging the respi- 


ratory dynamics of the IVC. Previous attempts to esti- z 


y = 7.392x + 2.4, R-squared: .506 
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End Inspiratory Diameter (cm) 
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mate RA pressure from echocardiography of the IVC 
. have been qualitative and have been based on M-mode 


F images. In 50 patients, Mintz et al° found RA pressure 


210 mm Hg correlated with an IVC end-diastolic di- 
- ameter 210 mm/m?. Amano et al‘ found a poor corre- 
-lation of IVC dimension and RA pressure (r = 0.54), 
but reported a high predictive accuracy of RA pressure 
<5 mm Hg for IVC end-diastolic dimension <20 mm. 
Neither of these studies found a good correlation be- 
tween the M-mode equivalent of the respiratory caval 
index and the RA pressure. In 65 patients with some 
form of heart disease, Moreno et alf reported RA pres- 
sure correlated with the inspiratory collapse, with r = 
0.71, similar t our result. They concluded that a col- 
lapsibility index of 40% on M-mode could separate pa- 
tients with right-sided cardiac disease from those with 
normal right keart function. 

We have shown the caval respiratory index by 2- 
dimensional echocardiography correlates with RA pres- 
sure. A caval respiratory index of 50% gives the highest 
overall sensitivity and specificity, and an acceptable pre- 
dictive accuracy for separating patients with RA pres- 
sures < and >10 mm Hg. Patients with an inspiratory 
collapse 250% tend to have RA pressures <10 mm Hg, 
and those having <50% collapse tend to have RA pres- 
sures 210 mm Hg. 

Measuring the IVC from 2-dimensional images pro- 
vides several advantages over M-mode measurements. 
Although Mereno et al showed a good correlation be- 
tween 2-dimensional and M-mode measurements of the 
IVC in both the short (r = 0.86) and long axis (r = 
0.84), it is easier to locate the site where the IVC col- 
lapses to the greatest degree from the 2-dimensional im- 


age. Errors of angle and translocation introduced by M- 
-mode are reduced by 2-dimensional echocardiography. 
` -Since the force of the inspiratory effort may vary from 


‘patient to patient, the use of quantitative sonospiro- 
> mey can iraprove the accuracy of the RA pressure es- 


a hemodynamics should preferably have been 
a the same time in n all patients, since pe voles 


pnei — 
tudy limitations: Echocardiographic imag 





sure. and fespiratory caval index was not different be- : : 
tween the entire group of patients and the simultaneous _ 













group. Positive pressure ventilation, varying force of in- 2 
spiratory effort and inability of some patients to inspire 
deeply due to severe breathlessness, chest pain or de 
creased mentation are also limitations in using 2-dimen- 
sional echocardiographic IVC behavior to predict RA 






pressure. These problems can occasionally be alleviated 
by having patients “sniff” while imaging the IVC... 


Clinical implications: Since the highest overall sensi- 
tivity and specificity for RA pressure was found at the — 


50% level of collapse in our study, we recommend using 


this value to differentiate normal from elevated central `. 
venous pressure. In our laboratory, when the caval res- 
piratory index exceeds 50%, we assume that RA pres- 
sure is approximately 5 mm Hg. When the caval index 
is <50%, we assume that RA pressure is approximately ue 


15 mm Hg. 
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nbulatory patients with coronary artery disease ex- 





‘a nearly universal increase in heart rate during 
les of ST depression.' The cause of the increase in 
-heart rate presumably represents an increase in sympa- 
` thetic nervous activity, a decrease in parasympathetic 
nervous activity, or both. The purpose of this investiga- 
_ tion was to determine the cause of increased heart rate 
_ during ambulatory ischemic episodes using power spec- 
_ tral analysis of normal RR intervals. An increase in sym- 
pathetic nervous activity causes an increase in low fre- 
quency power and an increase in the low to high frequen- 
_ cy ratio. A decrease in parasympathetic nervous activity 
_ causes a decrease in both low and high frequency power, 
_ thatis, nochange or a decrease in the low to high frequen- 

y ratio. 
<- Fifteen 24-hour electrocardiographic recordings 
< were obtained 2 to 6 months after hospitalization for 
_ either myocardial infarction (n = 7) or unstable angina 
pectoris (n = 7) from 14 patients (13 men, 1 woman) 
enrolled in the Multicenter Study of Silent Myocardial 
_ Ischemia, a prospective natural history study evaluating 
_ the predictive value of asymptomatic ST depression. 
_ Each of the 15 tapes showed =1 episode of myocardial 
_ ischemia, defined as =1 mm ST depression that persist- 
ed for =I minute. 

-Recordings were made, digitized at 128 Hz, and ana- 
& lyzed with Marquette 8500 recorders and 8000 scanners. 
-For each ischemic episode, the following information 
` was recorded: start time, stop time, maximum ST de- 

pression in mm, the integral of the ST depression from 
_ Start time to stop time, the heart rate at the onset of the 
_ ischemic episode and the heart rate at the time of maxi- 
-mum ST depression. 

<c- The digitally sampled electrocardiographic data 
_were transferred from the Marquette scanner to a Sun 3/ 
160 microcomputer for power spectral analysis. Power 
_ Spectra were computed on consecutive 5-minute seg- 
-ments of the 24-hour recording. A continuous function 
was derived from the normal RR intervals. This time 
es was sampled to obtain 1,024 equally spaced data 
i ints per segment. Intervals of noise, missed QRS com- 
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ilee and How - ppetatic modulation of RR intervals i is dis 


plexes and atrial. or ventricular premature complexes 
were spanned by linear splining.3 Segments that required 
more than 20% splining were excluded from analysis. 
The power spectra were computed using Bartlett's proce- 
dure, in which sequential windowed segments of the nor- 
mal RR interval function are transformed into the fre- 
quency domain and averaged. * Power spectra were quan- 
tified by measuring the area in 2 frequency bands: 0.04 to 
0.15 Hz (low frequency power) and 0.15 to 0.40 Hz (high 
Jrequency power). The average RR interval was also 
measured for each 5-minute segment. 

Each 5-minute segment was categorized for its extent 
of ischemia as follows: (1) absent, if the segment con- 
tained no ST depression; (2) partial, if ST depression 
lasted less than the entire 5-minute segment; or (3) total, 
if ST depression was present throughout the entire 5- 
minute segment. Before statistical analysis, low and high 
frequency power values were subjected to logarithmic 
transformation to reduce the extreme skewness present 
in the original measurements. A mixed model 2-way 
analysis of variance for unequal sample sizes (the num- 
bers of segments in the 3 categories varied both within 
and across patients) was carried out using program P3V 
of the BMDP package to make comparisons between the 
ischemic categories.’ Patients represented random ef- 
fects and the 3 categories of ischemia (absent, partial or 
total) were analyzed as fixed effects. 

The patient ages and characteristics of the ischemic 
episodes are listed in Table I. Nearly all the ischemic 
episodes (44 of 46) were asymptomatic. Many episodes 
were brief; the average duration was <8 minutes, All but 
1 episode of ST depression were associated with an in- 
crease in heart rate. On the average, the heart rate in- 
creased 15 beats/min during ischemic episodes. There 
was no significant difference in the mean heart rate be- 
tween partial and total ischemic segments. Table I lists 
the mean values and their standard errors for RR inter- 
val, low frequency power, high frequency power and the 
ratio of low to high frequency power. Both the low fre- 
quency and high frequency power values decreased to 
about half their control values during segments with 
ischemic episodes. The ratio of low to high frequency 
power did not change significantly during segments with 
ischemia. The pattern of change clearly indicates a pre- 
dominant decrease in parasympathetic activity without 
any detectable increase in sympathetic activity dur ing s 
ischemic episodes. = 

Our results indicate that withdrawal of paras: 
thetic neural activity accounts for the i increase 
rate during asymptomatic ST depression. Becau 
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No. of episodes per recording 


Maximum ST depression (mm) 
Duration of episodes of ST depression (min) 7.7 4130 
Total ischemic time per recording (min) 22.5 423.4 


-> Mean + standard deviation. 





- reflected. The lack of an increase in the low frequency 
~ power or in the ratio of low frequency to high frequency 
©- power bands indicates that sympathetic activity did not 
-= increase significantly during ischemic segments. It should 
-be noted that the average heart rate before an episode of 
.. ST segment depression was relatively slow, 80 + 18 
-beats/min on the average, suggesting that there was a 
substantial amount of vagal tone and little if any sympa- 
thetic tone at the onset of the ischemic episodes. During 
ischemia, the average heart rate was 88 + 19 beats/min, 
compatible with heart rate modulation by vagal with- 
drawal without sympathetic activation. Our results might 
not apply to mere intense episodes of ischemia associated 
with marked ST segment depression, prolonged duration 
and pain. Such episodes might well cause activation of the 
sympathetic nervous system in addition to vagal with- 
drawal. Also, 5 patients were treated with 6-blocking 
drugs, which may have reduced the influence of the sym- 
pathetic nervous system in the heart rate change during 
ischemic episodes. 

There may be an analogy between the type of response 
seen in asymptomatic ST depression and that seen during 
mild exercise. The increase in heart rate during mild 
exercise is mediated predominantly by withdrawal of 
parasympathetic activity, while the still higher heart rate 
with more intense exercise is caused by vagal withdrawal 
plus an increase in sympathetic activity.®’ 

A decrease in parasympathetic tone has been shown to 
promote ventricular arrhythmias in experimental prepa- 
rations.? The dynamic withdrawal of vagal tone during 
_ periods of asymptomatic ST depression could contribute 
-to the development of ischemic ventricular arrhythmias. 
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Measure. (n=4,044) (n= 67) 











































* Significantly different from the category with no ischernia at the p <0.05 level; 
' significantly different from the category with no ischemia at the p <0. Ql level, 
mean + standard error. 
Ln natural logarithm. 
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mong patients who were found to have hypertension 
5 ffice or clinic blood pressure (BP) measurement, 
some Appear: to be normotensive when studied for full 24- 





-Effects of Nifedipine SR and Enalapril on Office, Home and — 
_ Ambulatory Blood Pressure in “White-Coat” Systemic Hyperte i 
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Normal RRintervas 914439? 748443'  784452t 
(ms) ere ee 

Low frequency power 586 + 109 290 +153 200+ 20400) o 
(ms?) — | o ae Oe 

Ln low frequency 2.384010 2114012* 19740157 | > 
power oe 

High frequency power 193447 92 +70 ‘118287... 

Ln high frequency 1894010 15940.11 1.534014) > 
power T idee 

Ratio of low to high 4604052 4.7340.73 410+1.00 
frequency power | 

Lnratiooflowtoehign 0.494005 0534007 0.4540.09. 
frequency power 
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ffects ‘of the long-acting angiotensin converting 
inhibitor enalapril on office, home and ambulato- 
‘Measurements. We studied hypertensive patients 
: elatively higher and relatively lower ambulatory 








h study involved 41 Japanese outpatients, 19 men 
2 women, ranging in age from 25 to 67 years (aver- 
ck standard error of the mean, 54 + 2). All 
ients had been diagnosed as having essential hyper- 

on by excluding secondary forms of hypertension by 
tandard clinical means. All patients were in World 
Tealth Organization hypertension stage I or II. Patients 
entered an 8-week control period during which no drug 
-was given. At the end of this period, those patients whose 
seated systolic BP was 2160 mm Hg, or whose seated 
diastolic BP was =90 mm Hg, or both, became eligible 
-~ for the active treatment phase. They had 24-hour ambu- 
latory BP monitoring and then entered an 8-week study 
phase, during which they randomly received either nifed- 
_ ipine SR or enalapril. In the nifedipine SR group (20 
patients, mean age 54 + 3), the dosage was 20 mg/day 
(10 mg twice daily) and in the enalapril group (21 pa- 
-— _ tients, mean age 54 + 2) the dosage was 5 or 10 mg/day 
(25 0r 5 mg twice daily, final average dosage was 7.1 + 
0.6 mg/day). At the end of this 8-week phase, ambulato- 
y BP monitoring was repeated in each patient. 
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P< 0.001 
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in BP was measured by physicians t using a stand: 
t nifedipine slow-release tablet (nifedipine SR) 


-ry sphygmomanometer. Ambulatory BP was measu 


_ Sleeping ambulatory BP was calculated as the mean of — 
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At all 4-week nterval visits during the st 










with automated portable monitors (ABPM 630, ! Vippon 
Colin Ltd.). This device uses a standard cuff that was : 
placed around the upper arm and inflated at regular — 
preset intervals (every 30 minutes in this study) through- 
out the entire day. Ambulatory BP was estimated by an 
oscillometric method. Each patient kept a record of ac- 
tivity undertaken during ambulatory BP monitoring. — 


















ambulatory BP during sleep (by the patients’ records). — 
Waking ambulatory BP was calculated as the mean of — 
waking ambulatory BP (by the patients’ records). 

Home BP was measured by patients with portable 
semiautomatic BP recorders twice a day, before morning 
and evening meals, in the seated position. All BP read- 
ings taken during 6 days at home (3 days before and - 
after each hospital visit) were averaged and then record- 
ed as the home BP. 

There was a significant correlation between systolic 
office BP and systolic ambulatory BP in patients with 
essential hypertension (r = 0.42) (Figure 1A). Patients. 
were classified into 2 groups according to the method = _ 
previously described by Perloff et al? with some modifi- 
cation. Patients whose observed systolic ambulatory BP — 
was below the level predicted from the regression line 
between systolic ambulatory BP and systolic office BP 
were designated as the “low” ambulatory BP group 
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JA y BP was 5151 12/89. + I 
pasion and [3 Be. + 2/76 + 1 mm Hg in 
the low group p <0.001). Figure 2 shows the percent qual | 
decrease in systolic BP and diastolic BP for office, home before treatment; however, during rea 
and ambulatory (24 hours, waking and sleeping) BP drug, home BP did not decrease i in parallel with | 
during nifedipine SR or enalapril treatment in the high tory BP. 
and low groups. Nifedipine SR tended to decrease office Mean systolic and diastolic ambulatory (24-hou 
BP more than enalapril. In the high group, nifedipine SR BP before treatment with nifedipine SR rs 0.68 ar 
— tended to decrease ambulatory (24-hour) BP more than 0.53, respectively) correlated with the percent de 
enalapril (12.7 £ 2.5/124 + 1.9 vs 8.9 & 2/10 + 1.7%). 
In the low group, however, enalapril tended to decrease ).26 
ambulatory (24-hour) BP more than nifedipine SR (7.6 ure IC to. BP before 
oo E 1.9/9.4 + 2.8 vs 3.8 + 0.8/3.9 + 1.4%). Enalapril treatment with either drug did not correlate with the 
significantly decreased the sleeping ambuiatory BP percent decrease, but the correlation coefficient was larg- 
more than nifedipine SR (7.9 + 2.0/9.7 + 2.3 vs 3 + 1.5/ er with nifedipine SR (r = 0.35) than with enalapril (r = ae 
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either nifedipine SR (69.6 + 1.7 vs 70.6 + 1.7 beats/ 
or enalapril (71.4 + 1 vs 70.7 + 1.1 beats/min). 

n this study, office and ambulatory BP measure- 
its confirmed the efficacy of both ne spite SR and 










BP more than enalapril (Figure 2). There were, how- 
"differences in ambulatory BP between the high and 
low groups. In the low group, enalapril decreased ambu- 
tory BP more than nifedipine SR, while nifedipine SR 
ecreased ambulatory BP in the high group more than 
enalapril. The higher the pretreatment ambulatory BP, 
‘the greater the ambulatory BP-lowering effect of nifedi- 
A pine SR. 
=- » On the other hand, enalapril lowered the low pretreat- 
- ment ambulatory BP to the same extent as it lowered the 
co high pretreatment ambulatory BP. In other words, pa- 
tients treated with nifedipine SR in the low group showed 
-a small decrease in ambulatory BP measurements, but 
seemed to show a significant decrease in the office BP. In 
k the low group, therefore, there was a clear difference 
-between the effects nifedipine SR had on BP measured in 
-the office compared to BP gauged by 24-hour ambulatory 
_. monitoring. The difference in measurements of BP with 
enalapril treatment was far smaller. 
__.. Jt may be an important property of nifedipine SR and 
other calcium antagonists*® that they do not decrease 
blood pressure in normotensive individuals. Weber et al’ 
recently reported that patients with “white-coat” hyper- 
-tension derived almost no effect from diltiazem therapy 
on 24-hour BP analysis. They also reported that there was 
-~ a correlation between baseline ambulatory BP and the 
__ diltiazem-induced antihypertensive effects. The relative 
weakness of hypotensive ambulatory BP responses in the 
low group of patients may be a desirable characteristic of 
a calcium antagonists. 
_ Increasing the dosage or the number of drugs in pa- 
is tients with “white-coat” hypertension may not always be 
E harmless. There is a possibility of unnecessary increases 
1 inthe number and severity of adverse effects, Moreover, 
- Jowering BP too much in some patients might be deleteri- 
gus for blood flow to organs such as the coronary* and 
cerebral’ vascular beds. 

The present results are compatible with previous stud- 
jes. MacGregor et al® have reported that captopril low- 
_ered BP to the same extent in normotensive subjects as in 
ertensive subjects. On the other hand, some investiga- 
ave reported that nifedipine had a greater effect on 
ring higher initial BP.°-!? Thus, converting enzyme 
ors may exert their major action on BP through a 
nism that normally maintains BP, while nifedipine 
al a functional abnormality of vascular smooth 
e that becomes greater the higher the BP. 




























Ise 1 rate between, before and during treatment . 
treatment. However, during antihypertensive treatment 
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“In the ne present study, BP measured twice a day à 
omes was almost equal to waking ambulatory BP befor 







home BP did not decrease in parallel with the mean 
waking ambulatory BP or with the mean sleeping ambu- 
latory BP (Figure 2). This indicates that measuring BP ~ 
twice a day at home may not be enough to predict the — 
fluctuating BP levels during the day that occur in antihy- 
pertensive treatment. In this study we used enalapril — 
twice a day to make a comparison with nifedipine SR. 
However, because enalapril can be given once a day, _ 
further studies should be done to compare the effects — 
of enalapril administered once a day with a twice-daily 
dosage. 

In summary, this study demonstrates that ambulatory 
BP may be valuable in identifying those hypertensive 
patients who are not hypertensive in daily life. Both nifed- 
ipine SR and enalapril decreased office BP significantly. 
However, the hypotensive effects on ambulatory BP mea- 
surements were different between the high and low 
groups. In the low group with “white-coat” hypertension, 
nifedipine SR decreased both waking and sleeping ambu- 
latory BP less than enalapril did. These results suggest 
that there is a lesser chance of overtreating patients with 
“white-coat” hypertension with nifedipine SR than there 
is with enalapril. 
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Cc aneurysms of the sinus of Valsalva are 
uncommon and present mostly after their rupture.’ 
Unruptured aneurysms of the sinus of Valsalva are rare 
and may present with arrhythmias, conduction abnor- 
malities, right ventricular outflow obstruction, tricuspid 
regurgitation, aertic regurgitation or coronary conclu- 
sion.' Their diagnosis during life is even rarer and most 
cases have been detected at autopsy or as incidental find- 
ings at angiography.” There are isolated case reports of 
echocardiographic diagnosis of such patients. 4 We pre- 
sent herein 4 cases with echocardiographic diagnosis of 
this entity that were later confirmed by angiography and/ 
or surgery. 

Over the last 4 years, 35 cases of sinus of Valsalva 
aneurysms have been detected by cross-sectional and 
Doppler echocardiography in our center. This report 
pertains to 4 unruptured aneurysms originating from the 
right sinus of Valsalva and dissecting into the ventricular 
septum. In the 31 cases of ruptured aneurysms, the right 
sinus was involved in 29 (rupture into right ventricle in 
28 and into leftventricle in 1) and the noncoronary sinus 
in 2 (rupture into right atrium in both). There was no 
echocardiographic or clinical evidence of endocarditis in 
any of the 4 uaruptured patients, although vegetations 
were detected in 5 of the 31 patients with ruptured aneu- 
rysms. All 4 patients with unruptured aneurysms were 
men with an age range of 20 to 45 years. Three of these 
patients presented with syncope caused by complete 
heart block. Cther manifestations included progressive 
dyspnea (in 3 patients), moderate aortic regurgitation 
(in 3 patients) and mitral regurgitation (in 1 patient). 

On 2-dimensional echocardiography, al! 4 patients 
showed the aneurysm as a cystic mass in the upper part 
of the ventricular septum clearly communicating with 
the right coronary sinus of Valsalva (Figure 1). The wall 
of the aneurysm showed dense echoes suggestive of calci- 
fication in 3 patients. This was confirmed on cinefluoros- 
copy. The fourth patient had a huge noncalcific aneu- 
rysm (8 cem X 5 cm X 3 cm in size) that projected into the 
left ventriculer cavity and showed diastolic expansion 
and systolic collapse (Figure 2). Aneurysms with calci- 
fied walls did not change appreciably in size with the 
cardiac cycle. In the last 3 patients, pulsed-Doppler in- 
terrogation ai the site of the communication of the aneu- 
rysm with the aorta showed a to and fro signal (Figure 
2). Additional Doppler echocardiographic findings in- 

cluded moderate aortic regurgitation in 3 patients, mild 
“ mitral regurgitation in 1 (patient 2) and innominate ar- 
tery block in’! (patient 3); all were confirmed by angiog- 
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raphy. Etiology of the innominate artery block is not _ 
clear, Left ventricular function was depressed (left ven- — 
tricular ejection fraction 0.3, 0.4 and 0.45) in 3 patients 
(all with calcified wails). All 4 patients were subjected to 
cardiac catheterization and angiography that confirmed 
the findings obtained by 2-dimensional and Doppler 
echocardiography. Two patients (1 and 2) were operated 
upon. The surgery involved closure of the aortic end of 
the aneurysm in both and aortic valve replacement in 1. 
The echocardiographic findings were confirmed at sur- 
gery. Permanent pacemaker implantation was required 
in the 3 patients presenting with syncope. All the patients 
are doing well on follow-up. 

Unruptured aneurysms of the sinus of Valsalva may 
dissect into the upper part of the ventricular septum, 
causing conduction abnormalities and aortic regurgita- 
tion. There are 3 previous reports of unruptured aneu- 





ee FIGURE 2. A, M-mode cut at the level of mitral valve showing 
:- systolic collapse and the diastolic expansion of the aneurysm 


- ‘in the interventricular septum. B, short-axis view at the level 


: . of aortic valve clearly showing communication of the aneu- 
-rysm with right coronary sinus (R)..C, to and fro Doppler sig- 


nal at site of the communication of aneurysm with right coro- 
nary sinus. ASOV = aneurysm of the sinus of Valsalva; L = 


Jef coronary sinus; LA = left atrium; N = aoncoronary sinus; 


-RA = right atrium; RV = right ventricle. 


K tion of the s based ape: with the — of e 3- 


was demonstrable in all our patients. Enlargement of the 
aneurysm during diastole and collapse during systole has - 
been found to be a useful finding. 3-4 We found this to be 


useful in only.1 of our patients. Calcification of the aneu- 
rysm wall possibly prevents change in its size with cardiac — 


contraction. A to and fro Doppler signal at the mouth of ~ 
the aneurysm was present in 3 of our patients in whom it 
was specifically looked for. We believe the echocardio- 
graphic diagnosis of this entity should be based upon the 
demonstration of a cystic space in the ventricular septum 
communicating with a sinus of Valsalva, and a to and fro 
Doppler signal at the site of communication. 

Conduction abnormalities occurred in all our patients 
(complete heart block in 3 and bifascicular block in 1) 
and are caused by disruption of the conduction tissue by 
the dissecting aneurysm. Aortic regurgitation was pres- 
ent in 3 cases and was related largely to the distortion of 
the aortic valve by the aneurysm, as the valve leaflets 
appeared anatomically normal. The cause of poor left 
ventricular function in these patients is unclear. Mechan- 
ical interference with the septal motion because of the 
aneurysm, aortic regurgitation and extension of the calci- 
fication into the myocardium may be contributory. Com- 
bined cross-sectional and Doppler echocardiography is 
valuable in the diagnosis of this entity. 
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J orphologic studies on left E myocardium 
Bof patients with aortic stenosis revealed increased 
pi! uscle fiber diameter and increased interstitial fibrosis 
compared to control subjects.’ Biochemical studies 
- showed that in patients with aortic stenosis, the subendo- 
_ cardial levels of high-energy phosphates were decreased 
`- compared to nonaypertrophied myocardium.’ It was sug- 
gested that in these patients, the decreased adenosine 
triphosphate stores contribute to the enhanced sensitivity 
< of the heart to ischemia. Coenzyme Q)o is a central and 
: rate-limiting compound of the mitochondrial respiratory 
chain, which generates most of the adenosine triphos- 

<> phate in the cell. It has been shown that oral administra- 
tion of coenzyme Qio was an effective therapy not only in 
patients with cardiomyopathy,’ but also in various other 
cardiovascular diseases.* This study shows that left ven- 
tricular coenzyme Qj concentrations increase with the 
degree of aortic:stenosis, resulting in increased activities 
of the coenzymeQ o-dependent respiratory chain enzyme 
reactions. 

Myocardial biopsies were obtained during open- 
heart surgery from the apex of the left ventricle from 8 
patients with pure aortic stenosis who underwent surgery 

> for aortic valve replacement. According to the guidelines 
of the New York Heart Association, 1 patient was in 
class I, 4 in class II and 3 in class II. Specimens were 
immediately frozen and stored in liquid nitrogen. The 
aortic valve pressure gradient between the left ventricle 
and aorta was measured by left-sided heart catheteriza- 
tion. 

The activities of the respiratory chain enzymes were 
measured in homogenates of the muscle biopsies. Activi- 
ties of total NADH cytochrome-c-oxidoreductase, anti- 
mycin A-sensitive NADH cytochrome-c-oxidoreductase 

(complexes I + IID), succinatedehydrogenase, succinate 
-< cytochrome-c-oxidoreductase (complexes II + II), cy- 
tochrome-c-oxidase (complex IV) and of citrate syn- 
thase were determined spectrophotometrically.’ Coen- 
zyme Qio was measured in muscle homogenates and in 
<: serum obtained immediately before the initiation of an- 
--esthesia using a high-pressure liquid chromatography 
-method $ Noncollagen protein was assayed after diges- 
tion of the homogenate with sodium hydroxide (50 
mmol/liter) and pelleting the insoluble collagen protein 
-by centrifugation (12,000 g for 10 minutes). 

_ A positive correlation (p <0.05) of the coenzyme Qio 
concentration with the aortic valve pressure gradient was 
ind, a whether coenzyme Qro concentration was 
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london activities es he PETOS chain cman lexes , 
+ IH were 1.8-fold higher and those of complexes HA 
II were 1.5-fold higher in ventricles with aortic valve ee 


pressure gradients of 60 to 90 mm Hg than in those with —_ 


pressure gradients of 50 to 60 mm Hg. However, activi- 
ties of cytochrome-c-oxidase and of citrate synthase,a = 
mitochondrial matrix enzyme, as well as noncollagen 
protein content remained unchanged. There was neither _ 
a significant correlation between the myocardial coen- 
zyme Qo concentration and the patients’ functional class 
nor between myocardial and serum coenzyme Qro levels. 
Our data indicate that in left ventricular hypertrophy 
due to aortic stenosis, the capacity of the mitochondrial 
respiratory chain increases with increasing hemodynamic 
stress. Because only the coenzyme Qio-dependent. en- 
zyme activities (complexes I + IH and TE -+ IID, butnot - 
the coenzyme Q;o-independent activities (complex We 
and citrate synthase) increased, it was most likely the 
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etabolic response to the increased myocardial 
y demand in aortic stenosis. Because the subendo- 
ardial levels of high-energy phosphates were decreased 

hypertrophied left ventricle compared to nonhypertro- 
_phied myocardium,’ it is possible that the “physiologic” 
accumulation of coenzyme Qjo does not sufficiently com- 
: pensate for the increased energy demand of the hypertro- 
_ phied myocardium. Thus, exogenous administration of 
coenzyme Qio might be beneficial in patients with aortic 
- stenosis by correcting a functional coenzyme Qio defi- 
ciency state. 
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Probability of Detecting a Subaortic Ridge in Children 


— with Ventricular Septal Defect or Coarctation of the Aorta 


-Steven C. Cassidy, MD, George F. Van Hare, MD, and Norman H. Silverman, MD 






o M embranous subaortic stenosis can be found as an 
i isolated congenital defect or in association with oth- 
-er congenital heart lesions such as ventricular septal de- 
fect (VSD)! or coarctation of the aorta (C of A)! 
a Recent reports have suggested an increased incidence of 
membranous subaortic stenosis in patients with VSD and 
-right ventricular muscle bundles,? malalignment VSD'° 
_ and ventricular septal aneurysm.''!-!4 Membranous sub- 
_ aortic stenosis develops and progresses over time!>~!’ and 
_ usually requires surgery. Subaortic stenosis is often asso- 
_. elated with damage and thickening of the aortic valve, 
_. Jeading to aortic valve regurgitation.'*” In patients with 
VSD, ventricular septal aneurysm or C of A, we have 
observed an echogenic ridge of tissue in the left ventricu- 
lar outflow tract that may be a precursor to membranous 
_. subaortic stenosis. To determine the probability of detect- 
ing a subaortic ridge in patients with VSD in different 
_ locations and in patients with C of A, and to determine if 
| ventricular septal aneurysm increases the probability of 
: -detecting a subaortic ridge in patients with perimembran- 
ous VSD, we reviewed the echocardiographic records of 
our patients with VSD, subaortic ridge or C of A. 
=- Qur database consisted of 7,763 patients examined 
in our pediatric echocardiography laboratory between 
oo January 1980 and August 1988. The study population 
-was confined to 1,061 patients with echocardiographic 
-diagnoses of perimembranous VSD, ventricular septal 
aneurysm, muscular VSD, doubly committed subarte- 
rial VSD or Cof A. The study population was comprised 
of 602 male and 493 female patients. Their mean age 
was 4.4 (+ 6.1 [standard deviation]), median age 1.7 and 
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maximum age 55 years. Patients with other significant 
heart diseases were excluded. 

The following definitions were used. Subaortic ridge, 
called fixed subaortic abnormality,’ fixed subaortic ste- 
nosis,” subaortic fibrous ridge! or discrete subaortic 
stenosis,'* was defined as a ridge-like protrusion into the 
subaortic area from the crest of the ventricular septum 
that extended toward or inserted into the mitral valve 
apparatus (Figure 1). This ridge was seen in the para- 
sternal long-axis and apical 2- and 4-chamber views. 
This definition did not require Doppler evidence of tur- 
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‘| Diagnosis — 

























: ; ‘Subaortic ridge only _ 
|. Study Population 5 
` Perimembranous VSD, VSA 4 li 15 







26.7 
e +CofA . 
| o Perimembranous VSD + C 5 16 21 238 
of A 
_ | Muscular VSD + C of A 2 8 10 20.0 
| Doubly committed subar- 5 48 53 9.4 
terial VSD only 
4. CofAonly 20 199 219 9.4 
-o Perimembranous VSD only 16 207 223 7.2 
Perimembranous VSD + 20 350 370 5.4 
oe VSA 
TVSA only 2 46 48 4.2 
C Doubly cornmitted VSD + 0 2 2 0.0 
CofA 
= Muscular VSD only 0 84 84 0.0 
VSA+C ofA 0 3 3 0.0 
‘Miscellaneous 
combinations 0 13 13 0.0 







‘Total instudy population 74 
Total pts studied in interval 108 


Cof A = coarctation of the aorta; SAR = subaortic ridge; VSA = ventricular septal 
aneurysm VSD = ventricular septal defect. 


































bulent flow or obstruction. Ventricular septal aneu- 

-_ -rysm?! was defined as the accessory tricuspid tissue of- 
ten found in patients with perimembranous VSD. This 
aneurysm-like tissue is most often found on the right 
ventricular side of the VSD, partially closing the defect. 
All reports and diagnoses from patients in the data- 
‘base were reviewed. The presence of VSD, ventricular 
septal aneurysm, subaortic ridge or C of A was deter- 
mined by the echocardiographic description of the anat- 
omy or echocardiographic diagnosis. Thirty-four pa- 
tients with subaortic ridges or membranous subaortic 
stenosis without VSD, ventricular septal aneurysm or C 
< of A were excluded; 19 of these patients had serial echo- 
-> cardiograms and were considered when evaluating the 
progression of the subaortic ridge. 
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i Associated 1Factor(s) 


À Perimembranous VSD + Co of A BS re o 
Muscular VSD+CofÀ 20913 1.7 33 
Doubly committed subarterial 0.4050 9.4809. 0.396 
VSD o o o. A a 
Muscular vsD -7.630 26.82 -07760 
CofA 0.0597 0.2825 0.8327 
- Muscular + doubly committed  —7.593 (94.71 — 0.9361 
subarterial VSDs 7 | a 
Perimembranous + muscular  ~7.696 317.7 0.9807 
VSDs +CofA Ba 
Perimembranous + muscular  —7.639 98,66 0.9383. 
VSDs : : ae 
Doubly committed subarterial.  —7.704 242.5 0.9747 


VSD +C ofA 


Abbreviations asin Table i 


Five different possible associated PT were identi- -o 
fied: perimembranous VSD, muscular VSD, doubly 
committed subarterial VSD, ventricular septal aneu- 


rysm or C of A. A Cox proportional hazards model was ue 
used to estimate the effects of these factors on the time __ 


until detection of the subaortic ridge. This analysis was 
performed on a computer using the SAS statistics pro- 
gram. Chi-square with Yates’s correction was used to 
examine the association between ventricular septal aneu- 
rysm and subaortic ridge. A p value of £0.05 was con- 
sidered significant. | 
Serial echocardiographic examinations were. per- 
formed in 44 patients with subaortic ridge or subaortic 
stenosis during the study interval. These studies were 


reviewed to ascertain the progression of the subaortic we 


ridge in this limited subpopulation. i 
Of the 1,061 patients in the study population, 636 PER 
(60%) had perimembranous VSD, of whom 388 (37%). 


also had a ventricular septal aneurysm, 48 (4.5%) had ue 


ventricular septal aneurysm and no VSD, 102 (9.6%) 
had muscular VSD, 61 (5.7%) had doubly committed - 


subarterial VSD and 199 (19%) had isolated: c f a 













































Echocardiographic Finding 


Subaortic ridge detected 13 
increased obstruction 4 
Developed aortic insufficiency l 
“No interval change 







s D= standard deviation; VSD is ventricular septal defect. 





- (Table I). C of A was found in 50 of 741 (6.8%) of 
~ patients with VSD, including 36 of 629 (5.7%) with peri- 
~ — membranous, 10 of 94 (10.6%) with muscular, 2 of 60 
(3.3%) with doubly committed subarterial and 2 of 6 
with multiple VSDs. A subaortic ridge was found in 74 
(7.0%) patients in the study population, including 45 
(7.2%) with perimembranous VSD, 26 (5.9%) with ven- 
: tricular septal aneurysm, 2 (2.1%) with muscular VSD, 
™  § (8.3%) with doubly committed subarterial VSD and 31 
(11.4%) with C of A. 

A subaortic ridge was found more frequently in the 
study population than in the 7,763 patients in the data- 
-base (p <0.001). The Cox proportional hazards model 
demonstrated that in the sample of patients having at 
-~ least 1 of the identified factors, only C of A and either 
-~ perimembranous or muscular VSD accelerated the time 
until detection of the subaortic ridge (Table IN). No 
-single factor increased the probability of detection over 
-~ that of isolated perimembranous VSD. The presence of a 
~ ventricular septal aneurysm did not increase the proba- 
bility of detection of subaortic ridges over that of pa- 
_ tients with isolated perimembranous VSD. No single 
condition was statistically different from isolated peri- 
-membranous VSD, as indicated by the large p values. In 

`> addition, the age of patients with perimembranous VSD 
_4 alone (4.4 + 5.3, mean + standard deviation) and the 
T  medianage of this subgroup (1.7 years) were not differ- 
-ent from the study population. This suggests that the 
-study population could be represented by patients with 

> _ isolated perimembranous VSD. 

_ Figure 2 shows how the failure curve (1 — survival) is 

; affected by having C of A and either a perimembranous 
-a muscular VSD in comparison te all cases with 

ed VSD or C of A alone. The Cox proportional 
-analysis predicts that the probability of detect- 
subaortic ridge increases for all patients in the 
population as their age increases. There was a 20% 
edicted probability of detecting a subaortic ridge in the 
idy population by age 18, and a 60% predicted proba- 
ity among patients with both C of A and perimem- 

anous or muscular VSD. 
ring the study interval, 44 patients with a subaor- 
ge had 2 or more serial studies. These findings are 
Table III. The development of a recognizable 
ridge or increased left ventricular Deion ob- 
‘observed in 17 of 25 p with | 
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with a subaortic ridge alone developed evidence of aortic 
valve regurgitation. Sixteen of the 44 patients (7 with 
and 9 without VSD) showed no interval change over an 
average of 3.7 years of follow-up. 

This study shows that a subaortic ridge is more com- 
monly found among patients with VSD or C of A than in 
patients in the database and that the relative probability 
of detecting a subaortic ridge is higher in patients who 
have both VSD and C of A. Furthermore, ventricular 
septal aneurysm is not an associated factor independent 
of perimembranous VSD. Longitudinal observation in a 
limited subpopulation supports the contention that this is 
a progressive lesion in some patients. 

The predicted probability of detecting a subaortic 
ridge is higher over time than previously thought. This is 
perhaps due to the fairly high rate of appearance of a 
subaortic ridge in many very young patients. Although 
the Cox proportional hazards model allows calculation of 
the probability of detection of a subaortic ridge for any 
patient given their risk factors, it has a limited ability to 
evaluate a patient’s natural history. In addition, many of 
the patients included in the study group have had surgery, 
which may have influenced the development of a subaor- 
tic ridge or unmasked it in some patients.'2 

The definition of what constitutes subaortic stenosis is 
important to appreciate because of the exquisite ability of 
echocardiography to recognize small fibrous ridges. Pre- 
vious studies define even small subaortic ridges as subaor- 
tic stenosis.?:!® Many investigators argue that the pres- 
ence of a ridge requires surgical intervention when at- 
tacking an associated lesion.?:!° The progressive nature of 
subaortic stenosis (even after surgical resection) has been 
established!>.'© and is supported by the progression of 
obstruction seen in the limited number of patients fol- 
lowed serially in this study. 

All patients with a membrane-like echodense prote 
sion into the left ventricular outflow were considered to 
have a subaortic ridge. Before the wide use of echocardi- 
ography, many of these protrusions were undetect: bie 
and only infrequently developed into clinically significant 
obstructions. We consider this protrusion to be part 
spectrum of subaortic stenosis. There are, how 
data to suggest that all of the lesions that are de 
echocardiographically will become hemod yn 



















































: stenosis, these patients need close clini ical follow-up and 

_ serial anaes 

ae edgment: The authors would like to thank 
Julien L E. Hoffman, MD, for advice on the statistical 

~ evaluation of our data and Hugh D. Allen, MD, for his 

-critical review. 








«Si, Lauer RM, DuShane JW, Edwards JE. Obstruction of left ventricular outlet in 
association with ventricular septal defect. Circulation 1960;22:1 19-125, 
2. Hudspeth AS, Cordell AR. Subaartic stenosis below a large ventricular septal 
. defect. Surgery 1962;52:67 1-674, 
` 3, Freed MD, Rosenthal A, Plauth WH, Nadas AS. Development of subaortic 
stenosis after pulmonary artery banding. Circulation 1973,;47(suppl HD)-HI-7- 
HI-10. 
4, Dirksen T, Moulaert AJ, Buis-Liem TN, Brom AG, Ventricular septal defect 
- associated with left ventricular outflow tract obstruction below the defect. J 
Thorac Cardiovasc Surg 1978;5:688-694. 
. S. Vogel M, Freedom RM, Brand A, Trusler GA, Williams WG, Rowe RD. 
! Ventricular septal defect and subaortic stenosis. An analysis of 41 patients. Am J 
Cardiol 1983,;52:1 258-1263. 
6. Chung KJ, Fulton DR, Kreidberg MB, Payne DD, Cleveland RJ. Combined 
discrete subaortic stenosis and ventricular septal defect in infants and children. 
Am J Cardiol 1984;53:1429-1432. 
7. Smith LDR, Charalmbopoulos C, Rigby ML, Pallides S, Hunter S, Lincoln C, 
Shinebourne EA. Discrete sub-aortic stenosis and ventricular septal defect. Arch 
Dis Child 1985;60-196-199. 


of Cardiac Tamponade 


here is probably not one single pathologic condi- 
tion that has been studied by echocardiography as 
extensively as pericardial effusion and cardiac tampon- 
ade. Among the many reported echocardiographic signs 
of cardiac tamponade, the most frequent and diagnosti- 
:- cally useful are the following: right ventricular and right 
_. atrial diastolic collapse'; a “swinging heart”’; and pha- 
-sic respiratory changes of ventricular dimensions. 4 This 
-report describes a new echocardiographic sign, typical for 
pericardial effusion and tamponade, namely a transient 
thickening of left ventricular (LV) wall associated with 
cardiac tamponade. 
- Among 82 consecutive echocardiographic examina- 
ions (76 retrospective and 6 prospective) performed be- 
caus of a large pericardial effusion and/or cardiac tam- 
ade, 16 cases with signs of LV hypertrophy were 
. Nine cases with LV hypertrophy in the echocar- 
da with Sire Taa and in that fka 
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‘Left Ventricular Pseudohypertrophy in Pericardial Effusion as a Sign 


a Elio Di Segni, MD, Bruno Beker, MD, Yoel Arbel, MD, Avinoam Bakst, MD, Hadassa Dean, MD, 
-< Alexander Levi, MD, Elieser Kaplinsky, MD, and Herman O. Klein, MD 


cardiac tamponade and normal LV wall thickness at the 

control echocardiogram were classified as LV pseudo-  __ 
hypertrophy and represented the study group. Each of - 
the 7 cases had cardiac tamponade diagnosed by clinical -> 
signs and echocardiographic findings. In all patients, 
heart rate decreased by 210 beats/min and hypotension... 
and neck vein distension disappeared after removal of 
pericardial fluid. In 2 patients prospectively studied, _ 
cardiac output and right-sided, brachial and pericardia 
pressures were measured. Echocardiograms were per- 
formed either with an Aloka 720 mechanical sector 
scanner or an Aloka 870 phased-array echocardio-  — 
graphic system. Two-dimensional and M-mode echo- 
cardiograms were obtained in each parent: An. echo- oe 
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e 13 8 144 10 19 10 32l] 13 32 

{Mean 16 10 19 #14 #15 § 20 15 39 
JSD 2 1 3 3 4 2} 3 2 5 

boop value 

Tys C .<0.0001 <0.005 <0,007 <0.0001 <G,001 NS <0.05 <0:01* <00 

Ves * Difference not significant vs 2-dimensional (2D} left ventriouar (LV} mass. C = echocardiographic measurements after removal of pericardial fuig; LVED = = left ventricular end dk | 
o astolio- dimension; LVS = left ventricular systolic dimension; NS = not significant, PE = width of posterior pericardial space during tamponade; PWD = a ahd wall cdiaatolic 


“thickness: PWS = posterior-wail systolic thickness; SEPD = interventricular septal diastolic thickness; SEPS = interventricular septal systolic thickness; T = echocardiographic 4 
_ Measurements during cardiac tamponade; 2D = 2-dimensonal, 















































oe cardiogram was recorded in each case during cardiac following formula’: 0.80 X (1.04 [LVED + VS + 
_. tamponade; the control echocardiogram was recorded LVPW]? — [LVED}*) + 0.6 g, where LVED = LV end- 
į immediately after the pericardiocentesis in 5 cases and 5 diastolic dimension, VS = diastolic thickness of the ven- 
and 30 months later in 2 cases. Echocardiographic mea- tricular septum and LVPW = diastolic thickness of the 
_ Surements were performed according to the recommen- posterior wall. In 4 patients with adequate recording of 
-dation of the American Society of Echocardiography5 short-axis and apical 4-chamber views in both tampon- 
-LV mass was calculated from M-mode tracing using the ade and control studies, LV mass was calculated from 2- 





_— FIGURE 1, Two-dimensional echocardio- 
— — gram in the long-axis view (left) and rela- 
tive M-mode tracing during cardiac tam- 
| ponade (right, case number 1). Left ven- 
trickle is severely thickened. Ventricular 
_. septal and posterior wall diastolic thick- 
ness are 17 mm each. A moderate peri- 
HES: cardial effusion is seen. The echocardio- 
pet ited by highly reflective echoes. 

g Pitanee between dots is 10 mm. 








| “FIGURE 2. Two-dimensional (left) and M- 










ickness 10 mm and posterior wall thick- 
"i 8 mm). Distance between dots is 10 — 






















a level including the edges of the outer LV myocardial 
- boundaries, L, = LV cavity length measured from the 

- apex to the midmitral annulus plane with 1 cm added, A, 

= LV cavity area and L, = LV cavity length. Myocardial 


as normal or increased when highly reflective echoes 
-© were detected? 

Statistical analysis was performed by using a paired 
Student's t test. 

Clinical date are listed in Table I. Cardiac rhythm 
was sinus in 5 patients and atrial fibrillation in 2. Addi- 
tional cardiovascular diseases included mild systemic 
hypertension in 3 patients and old diaphragmatic myo- 
cardial infarction in 2. Two patients were on hemodialy- 
sis the week before the development of tamponade. He- 
modynamic measurements were done in patient numbers 
6 and 7. In the first patient during tamponade, mean 
pericardial pressure was 17 mm Hg, brachial artery 
pressure 115/70 mm Hg, mean right atrial pressure 12 
mm Hg, pulmonary artery pressure 35/20 mm Hg and 
cardiac output 3.3 liters/min. After aspiration of 900 ml 
of fluid, pericardial pressure decreased to 9, brachial 
artery pressure increased to 160/65 mm Hg, mean right 
atrial pressure was 10 mm Hg, pulmonary pressure 77/ 
25 mm Hg and cardiac output 4.8 liters/min. In the 
second patient during cardiac tamponade, mean pericar- 
dial pressure was 14 mm Hg, mean right atrial pressure 
12 mm Hg, pulmonary artery pressure 30/12 mm Hg, 
aortic pressure 90/54 mm Hg and cardiac output 3.9 
liters/min. After removal of 580 ml of fluid, pericardial 
pressure decreased to 4 mm Hg, mean right atrial pres- 
sure was 8 mm Hg, pulmonary artery pressure 28/8 mm 
Hg, aortic pressure 100/55 mm Hg and cardiac output 
5.3 liters/min. 

The unique observation in these patients was the 
marked thickening of left ventricular wall (Table H and 
Figures 1 and 2). The mean diastolic ventricular septal 
thickness was 16 + 2 mm and the posterior wall thickness 

< was 15 + 4 mm. After aspiration of the fluid, the mean 
- diastolic ventricular septal thickness was decreased to 10 
=< Æ 1 mm (p <0.0001) and the mean diastolic posterior 
>. wall thickness.to 9 + 1 mm (p = 0.007). Similar changes 
_. of the systolic dimensions were also observed. In 2 pa- 
~~ tients (numbers 3 and 4) with old diaphragmatic myocar- 
dial infarction, only the ventricular septum thickened 
‘during cardiac tamponade. 
The calculated LV mass was increased during cardiac 
„tamponade. M-mode echocardiography-calculated mean 
LV mass was 258 + 93 g. After aspiration, LV mass 
urned to nermal values (<250 g) in each case with an 
ige value of 155 + 38 g (p <0.01). Mean LV mass 
imensional echocardiography was 242 + 49 g 
vrdis iac S and 142 t 36 g after apia 




































































-reflectivity was subjectivel ly assessed and defined either 


tria and d right ventricular diastolic elapse $ z 


ort-ax s LV area at the hi h papillas Y muscle dimen: 





An increased ee of the LV oe was ot 
in 4 cases during cardiac tamponade, but not after: 
tion of the pericardial fluid (Figure 1). ne 

Two features are striking in the patients presented 


this study. The appearance of LV wall thickening was . 


closely associated with pericardial effusion and tampon- 
ade. It was absent in 2 cases before tamponade and disap- 
peared in all patients after the removal of the pericardial 
fluid. The second important point is the increase in calcu- 


lated LV mass. This is a crucial measurement as it indi- 


cates a true increase in the size of the LV walls. A simple 
decrease in LV diastolic and systolic diameters, as it.. 


occurs in tamponade, would be obviously associated with - , 
some degree of wall thickening. However, the significant =- 


and marked increase in LV mass precludes any possibility 
that the decrease in LV dimensions are the sole basis for 
the wall thickness changes. The increase in LV mass was 
observed also when this parameter was measured from 2- 
dimensional echocardiographic recording even though a 


change in the LV shape was also noticed; the LV long axis 


decreased proportionally more than the short axis, giving 
the ventricle a rounded appearance. | 

This possibly true increase in LV mass may be ex- 
plained by myocardial congestion and interstitial edema 
secondary to severe increase of the pericardial pressure, 
coronary venous congestion and impaired lymphatic 
drainage. 

In 4 patients, the LV walls showed an increased echo- 
cardiographic reflectivity during cardiac tamponade as 
that found in infiltrative myocardial disease and in hyper- 
trophic cardiomyopathy. ° Both mechanisms of LV. 
pseudohypertrophy suggested before, namely myocardial — 


congestion with edema and compression of myocardial ~~ 


fibers, may be compatible with this echocardiographic — 
appearance. : 

LV pseudohypertrophy should be suspected when 
pericardial effusion is associated with increased LV wall 


thickness. This is an important finding, since it implies = 


the presence of cardiac tamponade that was found in each | | 


of our patients. In one of our patients, this was the only — 
echocardiographic finding associated with tamponade, 
apart of course from the finding of pericardial fluid. Fac- 


tors that help in suspecting LV pseudohypertrophy are 


the following: no history or evidence of an underlying 
disease causing severe LV hypertrophy; the presence of 
clinical and echocardiographic signs of cardiac tampon- 


ade; and the knowledge of a previous or recent echocar- a 
diogram with normal LV wall thickness. : T 
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i » cspite the improvements in cardiopulmonary bypass 
; techniques, release of microbubbles in the systemic 
-arterial circulation still occurs. It is believed that mi- 
~ croemboli, prolonged arterial hypotension, defective ce- 
rebral blood flow autoregulation and nonpulsatile flow 
Eer during cardiopulmonary bypass play a role in determin- 
ing neurologic damage after cardiopulmonary bypass. !? 
Gaseous and particulate microemboli may originate from 
the pump-oxygenator system as well as from the cardiac 
chambers and pulmonary veins. In this study, trans- 
_.. esophageal echocardiography was used to detect micro- 
bubbles reaching the arterial circulation during cardio- 
_. pulmonary bypass. Two different types of oxygenators 
ae (bubbles and hollow fibers) were used to assess differ- 
ences in their production of microbubbles. 
— Transesophageal echocardiography was performed 
n 20 patients undergoing various types of open-heart 
-< surgery (Table I). Esophageal disease was carefully ex- 
-cluded on the basis of history and preoperative esopha- 
-gogram. Each patient gave informed consent for this 
‘procedure before the operation. 
“ Transesophageal echocardiography was performed 
«= usinga 5 MHz phased-array transducer (Hewlett-Pack- 
ard model 21362 A), connected to a Hewlett-Packard 
_ultrasonograph (model 77025 A). After the induction of 
anesthesia and tracheal intubation, the ultrasound probe 
was introduced blindly into the esophagus with the pa- 
tient in the supine position. After having advanced the 
ducer into the esophagus to image the left atrium in 
hamber view, the ultrasound probe with the flex- 
locking device off was rotated counterclockwise to 
lin a cross-sectional view of the descending aorta. 
-this position, the ultrasound probe was pulled 
to visualize the upper portion of the descending 
Two-dimensional recordings of the descending 
aorta yere. made at the following times: immediately 
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De tection of Microbubbles Released by Oxygenators 
During Cardiopulmonary Bypass by intraoperative 
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ture of differently dense fluids, the priming so 
the si s blood. Dependingo on the Ea Si 
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before starting cardiopulmonary bypass; during the first 
10 minutes of cardiopulmonary bypass before systemic 
hypothermia; at 30-minute intervals for 30 seconds dur- 
ing the rest of cardiopulmonary bypass; at the restora- 
tion of effective cardiac contraction; and after the end of 
cardiopulmonary bypass. When transesophageal imag- 
ing was not being performed during the hypothermic 
phase of cardiopulmonary bypass, the ultrasound probe 
was disconnected from the echocardiographic unit to 
avoid useless increase of the surface temperature at the 
distal tip.’ 

After a standard median sternotomy, atrial (or bi- 
caval) and aortic cannulation were performed; a needle 
vent was placed in the ascending aorta. A hollow-fiber 
oxygenator (Terumo Capiox E) was used in 10 patients 
and a bubble oxygenator (Dideco D700) in the remaining 
10. The same roller pump and aortic cannulas (Sarns 
model, size 24Fr) were used in all patients. Cardiotomy 
suction was kept to a minimum to avoid gross entry of 
air in the circuit. An arterial filter was never used. A 
crystalloid priming solution was always used and prim- 
ing of the system was performed at a slow rate through 
the cardiotomy reservoir to minimize microbubbles pro- 
duction. Moderate systemic hypothermia (28°C) was 
used in all patients with flow rates between 1.8 and 2.4 
liters/min/m’. The intracardiac repair was performed 
during a single period of aortic cross-clamping. Cold 
hyperkalemic cardioplegia was used for myocardial 
protection, as well as topical hypothermia with cold sa- 
line irrigation. Rewarming was performed with a tem- 
perature gradient <10°C. To exclude damage of the 
esophageal mucosa (i.e., esophageal burns), possibly oc- 
curring during hypothermia, esophagoscopy was per- 
formed by an experienced endoscopist within 24 hours of | 
surgery in 6 patients. a 

At the start of the cardiopulmonary bypass, it ij i 
of priming solution in the arterial circuit prod 
cloud of echoes within the lumen of the descend 
(Figures 1 and 2). This phenomenon reflecte 2 














Pi Age 
No {yr} Gender Purnp 
i 54. M Roller 
2 32 Mi Roller 
3 61 M Roller 
4 49 F Roller 
5 64 F Roller 
6 AS F Roller 
ri 60 M Roller 
& 56 M Roller 
9 66 M Roller 
1G 52 F Roller 
ll 57 M Roller 
12 53 M Roller 
13 68 M Roller 
14 52 F Roller 
15 35 M Roller 
16 58 F Roller 
17 50 F Roller 
18 65 F Roller 
19 6} F Roller 
20 68 F Roller 


AV = aortic valve, CABG = coronary artery bypass grating, CPB = cardiopulmonary bypass: EC # achocardiographic 


yertricular septal defect: © = MBL absent: + = MBL visibie. 


Oxygenator 


Hollow fibers 
Holhew fibers 
Hollow fibers 
Hollow fibers 
Hollow fibers 
Hollow fibers 
Holipw fibers 
Hollow fibers 
Hollow fibers 
Hollow fibers 
Bubbles 
Bubbles 
Bubbles 
Bubbies 
Bubbles 
Bubbies 
Bubbles 
Bubbles 
Bubbles 
Bubbles 








ygenators During Cardiopulmonary Bypass —— 





“MBL 

Priming EC Early Throughout 

(5) {s} CPB 

109 130 Q 
19 60 o- 
43 214 0 

9 88 © 

30 177 G 
34 114 Q 
20 76 G 
34 120 0 
35 30 0 
20 90 0 
35 + + 
20 + + 
86 + + 
34 + + 
52 + + 
22 + + 
45 + + 
38 + + 
30 + + 
75 + + 






Surgery | 
CABG, MV repair ooo 
MY replacement’ ooo 
MY replacement 

AV replacement 
CABG, AV replacement 
AV, MV replacement 
VSD closure 

CABG 

CABG 

AV, MV replacement 
AV replacement | 

MV replacement 
CABG 

MY replacement 

MV commissurotomy 
AV raplacement 

MY commissurotomy 
CABG 

CABG 

MV replacement 


contrast; MBL = microbubbles: MV = mitral valve: VSD = | 











econds [mean + standard deviation] Table I). 
_ After this echocardiographic contrast, microbubbles 
appeared as oblong bright particles with continuous, fast 
and circular movement. When bubble oxygenators were 
used, microbubbles were seen in the descending aorta 
throughout cardiopulmonary bypass (Figure 1). Their 
number seemed directly related to the flow. Conversely, 
-~ with hollow-fiber oxygenators, the release of microbub- 
bles was confined to the early phase of cardiopulmonary 
bypass after the infusion of the priming solution and 
lasted 30 to 214 seconds (110 + 54.5 seconds (mean + 
standard deviation], Figure 2, Table D). In addition, mi- 
-= erobubbles originating from infusion of blood or drugs 
_ into the arterial circuit, as well as from the left cardiac 
© chambers at restarting of effective cardiac contraction, 
were also seen transiently in the descending aorta during 
cardiopulmonary bypass. These microbubbles appeared 
transiently when hollow-fiber oxygenators were used 
-and were superimposed on those coming from bubble 
 oxygenators. Strong suction applied to the aortic needle 
, vent helped evacuate those coming from the heart. 





ow paal it lasted 9 to 100 jion 5 (38.6 6 + 23. 8 
, Gas “signif cant esophageal lesions in any patient. 
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Although accurate surgical technique may avoid em- 
bolization of organic material from the left cardiac cham- 
bers, gaseous microemboli coming from the surgical field 
at restarting of effective cardiac contraction are much 
more difficult to eliminate and may be as dangerous. 
Transesophageal echocardiographic monitoring of air at 
this stage can minimize its harmful effects by allowing 
discontinuation of cardiopulmonary bypass only after 
complete evacuation of air from the cardiac chambers.*5 
Air can be generated in several points of the pump-oxy- 
genator system at different stages of cardiopulmonary 
bypass. In this study, we evaluated the role of 2 different 
types of oxygenators in microbubble production. We 
therefore tried to minimize the influence of all other 
known causes of microbubble production by standardiz- 
ing the cannulation technique and cardiopulmonary by- 
pass conduction. 

Our results show that the time-course of aortic micro- 
bubbles varies in relation to the type of oxygenator used. 
Gaseous microemboli were seen in the descending aorta 





























even P ihough pė specific search was not | pecformned, the 


-were used, microbubbles were only visualized within the 
n first few minutes of cardiopulmonary bypass after the 
-infusion of the priming solution. It remains to be verified 
whether other types of membrane oxygenators may be 
< even more effective in eliminating microbubbles. 

c. In view of our findings, an arterial filter should be 
-incorporated into the cardiopulmonary bypass circuit, es- 
-= pecially when bubble oxygenators are used. This would 


Unsolicited Medical Journals 


Howard R. Horn, MD 


. T he proliferation of medical mailings has skyrocketed 
in recent years and now approaches overwhelming 
proportions for busy American cardiologists. The major- 
ity of such “literature” is unsolicited and much of it 
appears. to be published for mostly financial consider- 
ations. While all physicians receive a number of unsolicit- 
ed medical journals in the mail, it is my impression that 
cardiologists lead the pack in the number received. To 
obtain a realistic assessment of this number, a count was 
made of all medical publications received in the mail 
during a single month in 1989. The titles of these journals 
“and mailings with dates received are listed in Table I. As 
seen in this Table, both the total number of mailings and 
-those received on a single day are astounding! A cardiolo- 
gist receiving 9 journals on | day is probably receiving 
more than many physicians in other specialities receive in 
‘a week or even a month. Even more astounding is the 
“observation that of 108 total pieces of medical mail re- 
-ceived during 1 month, 88% was unsolicited. 
-=> An interesting paradox is provided by the aforemen- 
- -> tioned numbers. Cardiologists, probably the busiest spe- 
cialists in our society, now appear to be the ones also 
“bearing the brunt of the proliferation of unsolicited medi- 
eal literature. The conscientious cardiologist striving to 
keep. up with the literature may feel compelled to read or 
scan these unsolicited items, creating further demands on 
eady limited time. To deal with this unwieldy task, 
cardiologists may have to develop nove! approaches. 
proach that I have periodically adopted entails 
ig journals in the back seat of the car so they are 
iently available to scan and then discard anytime, 





‘number of microemboli seemed directly related to the — 
‘pump flow. Conversely, when hollow-fiber oxygenators — 









1. Peai DT. Microemboli: gascous sand particulate, In: Taylor: 
pulmonary: Bypass. London: Chapman and Hall, 1986:313-353 
2. Barash: PG. Cardiopulmonary bypass and postoperative neurolg 
tion. Amr Heart I 1980:99-675-677. D 
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cians to spend their writing energies on peer-review publi- 


cations that end up on library shelves rather than on , : 
throwaways that end up in trashcans. Bs 





TABLE I Medical Journals and Mailings Received on a Daily g 
Basis From May 15, 1989 to June 15, 1989 


Annals of internal Medicine 




















May 15 
Drug Therapy ACC Convention Reporter 
Consultant C-V News 
Emergency Medicine AHA Focus Series— 
Hurnan Sexuality Hypertension 
Hospital Practice Side Streets 
American Medical News Medical Tribune 
May 16 Post-Graduate Medicine. 
Clinical Symposia internal Medicine World - 
Medical Tribune Report 
New Engtand Journal of May 24 
Medicine Acute Care Therapeutics / 
American Journal of ACT | oe 
Cardiology American Medical News Ss 
Clinical Cardiology Myocardial infarction—-. = 
M.D. Magazine Rationale for Riera 
Cardiology Product News of University of Florida < 
Cortlandt Forum Conference : 
Choices in Cardiology Mayo Clinic Proceedings doep 
May 17 internal Medicine for the | le a 
Cardiology Specialist aa ae 
CV Reviews & Reports May25 ars ol ee 
May 18 Cleveland Clinic Journal of Li. 
Ca-ACa Journal for Clinicians Medicine A se a a 7. . 
| May 19 Geriatric Medicine Today. oe | 
-Physicians & Computers New England Journal of Paes 
Primary Cardiology Medicine = on oe 
May20 OON National CV Bulletin. 
Physicians’ Travel! & Meeting May: 26 P 
Guide s 3 i 
-Monthly Prescribing 







_ Reference - 





" Physicians’ Finan cial New Poos 





ment News 

























VARIA 





: June 9 


Medicine — 





Medicine WorldNews 








rican Journal of - PRN-Frontliine Report 
Cardiology June 3 
lay 29 and 30 Medica! Tribune 
‘New England Journal of June 5 
~ Medicine Cardiology World News 
_ Journal of Cardiac The Physician & Sports 
-= Rehabilitation Medicine 
|. Medical World News Cardiology Medical News 
|. Today in Medicine June 6 
af Physicians Financial News American College of 
June 1 Physicians Observer 
= American Medical News Journal of the American 
Sénior Patient College of Cardiology 
News——From the CV Center of American Journal of 
Emory University Cardiology Symposium 
oo Your Patient & Fitness in June 7 
Cardiology Monthly Prescribing 
| Mg" Alert Line Reference 
| June 2 Omni Medical 
-| intemal Medicine News Contemporary Internal 
<< New Bulletin-—ACC 38th Medicine 
Annual Session New England Journal of 


Ree Total pieces of medical mail in 1 month = 108. 
Se Medical mail unsolicited = 88. 








— Effect of Altered Flow on Mitral Valve Anulus in Dogs 


-Byron F. Vandenberg, MD, and Richard E. Kerber, MD 


* troke volume and cardiac output are accurately esti- 
-o @#@ mated by Doppler echocardiographic methods that 
ee rely on inflow velocities and orifice area of the mitral 
-valve Changes in inflow velocities represent changes in 
flow, but this requires the assumption of a stable mitral 
__anulus area. It is known that the anulus area decreases by 
an estimated 20 to 50% during systole,** but there are 
few data on the effect of altered filling on the anulus. This 

study determines the effects of flow increased with dobu- 
_.< tamine or decreased with phenylephrine on the mitral 
7 anulus. 

| We studied the effects of altered flow on the mitral 

i aietus in 10 dogs that were part of another study. The 
dogs were anesthetized with sodium thiopental 30 mg/kg 
ee intravenously, intubated and ventilated. Catheters were 
-inserted in the femoral arteries for monitoring blood 
pressure and in the veins for administering fluids and 



















A y »o-dimensional echocardiography was performed 
y with a an t-Advanced k Laboratories Ultramark 


medications. The dogs were allowed to recover for at — 
east 72 hours. Before echocardiographic study, they — 
ere sedated with 0. 2 to 0.4 mi a ik Innovar- Vet sh ie | 
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7 American Heart Journal. 
Human Sexuality ~ Annals of internal Medicine 
Diversion Directory for the 90's 
Arrhythmia Clinic Medical Tribune 
Council for Tobacco Research Emergency Medicine. 
Clinical Cardiology- Archives of internal Medicine 
~ Memphis Health. Care News Practical Cardiology 
The Journal of Myocardial Practical Cardiology 
ischemia. Journatof the National 
June 10 Medical Associationi 
Private Practice June 14 
American College of Preventive Cardiology 89 
Cardiology-Annual Physicians Management 
Scientific Session Modern Medicine 
News Internal Medicine Wor'd 
LeBonheur News Report 
Hospital Medicine June 15 
The Journal of Clinical iness Physicians Market Place 
June 12 and 13 ACC Cardiology 
Physicians Financial News New Horizons for the 
New England Journal of Physician-M.D. 
Medicine Hospital Practice 


8 ultrasonoscope. With the dogs laying on their right 
sides, the parasternal long-axis view was obtained with a 
5 mHz transducer. The animals were then turned onto 
their left sides and mitral inflow velocities were recorded 
using Doppler echocardiography. Positioning dogs on 
their left sides permitted optimal visualization of a 4- 
chamber apical view. The Doppler ultrasound beam was 


ARDIOLOGY A 






oe HR | : 
a “(beats /min) 












~ Control 1 113410 83 + 23 3.1403 
|) Dobutamine 125 + 15* 99 4+ 24* 16+0.4* 0.524 0.12* 79 
~ Control 2 107414 76418 3.2£0.3 18+04 0442011 = 7 
Phenylephrine 153 + 22* 5 0. 0.38 + 0.09* C$ 






* p <0.05 vs control. 


. a TABLE H Mitral Anulus Diameter During Dobutamine and 
iA Phenylephrine Infusion 











Mitral Anulus Diameter (crr) 






Early 
Diastole 


Late 
Diastole 





% Change 










Control 1 


1.7 40.2 1.8 +40.3 







Dobutarmine -547 
- Ceritrol 2 1840.3 2040.3 ~7+6 
Phenylephrine 2.0403 2.0+0,2 “249 





p = difference not significant. 


thus oriented parallel to left ventricular inflow. Af- 
ter baseline recordings, dobutamine 10 ug/kg/min was 
infused intravenously. Two-dimensional and Doppler 
echocardiography recordings were repeated. After 15 
‘minutes, the infusion was increased to 20 ug/kg/min and 
¿recordings were repeated. The dobutamine was then dis- 
continued and, after 1 hour, additional control record- 
ings were obtained. Innovar-Vet 0.1 to 0.2 ml was admin- 
istered intravenously again. Phenylephrine was then ad- 
ministered intravenously in doses of 5, 10 and 25 pg/kg/ 
min until systolic arterial pressure increased by at least 
30 mm Hg above the baseline. Two-dimensional and 
Doppler echocardiography were then repeated. 
The mitral anulus diameter was measured off-line 
using an average of 3 beats. The anulus was identified as 
_ the point of insertion of the mitral valve leafiets (Figure 
1). Diameters were measured twice: in early diastole 
ee (after the valve leaflets had opened to full excursion) 
-and in late diastole (just before valve leaflet closure). 
$ The percent change in diameter relative to early diastole 
was calculated. The velocity-time integral of the mitral 
flow was planimetered from Doppler recordings. In 
ddition, left ventricular end-diastolic and end-systolic 
nensions were measured from m-mode echocardio- 
raphic recordings of the left ventricle. These dimensions 
averaged from 10 beats and fractiona! shortening 




























wiation. 









~ BP = blood pressure; HR = heart rate: LVEDD = left ventricular end- diastolic e diameter; LVESD = left ventricular end-systolic diameter. 


rences in observations from first control to do- 
ean nd d second Pono to apial were eval- 23 


‘Shortening © i 
Ch) 


0.41 +0.09 





a to contral Aral, neil: minal anulus reana eom- k 
nor relative change in diameter changed compared to. ae 
control. o 


diastolic mitral orifice area of 29 to 34% without changes ; 


in the velocity-time integral during exercise. Exercise, — 
however, produces multiple hemodynamic alterations, in- 

cluding increased preload and contractility, as well as 
decreased vascular resistance.° Selective increases in pre- 
load and decreases in afterload were not addressed inour 


study, but may have been responsible for the changes in 
the anulus noted during exercise by Rassi et.al. | 
We also demonstrated insignificant changes of the 


anulus diameter during acute increases in systolic blood 3 
pressure with phenylephrine infusion. Doppler echocar- = 


diographic measurements of diastolic filling velocity have 
been used to study left ventricular function in hyperten- 
sive patients.’ Our data support the use of serial filling 


velocity measurements to assess changes in flow, since. 


increases in arterial pressure may not alter the anulus. 


A potential limitation of our study is the use ofasingle = 
dimension measurement of the mitral anulus to draw 
conclusions about anular geometry. Previous echocardio-. 


graphic studies of the mitral anulus have used apical 4- 
chamber views with recordings made at 30° rotational- 


intervals. Ormiston et alt demonstrated a change in area 
of 26 + 3% during the cardiac cycle in normal subjects 
when each of the chords from the rotational intervals was 
arranged around a reference point, Vijayaraghavan etab 
compared a simplified 2-plane method of calculating the 
mitral anulus area with the more detailed 30° rotational ~~ 


method and the areas were nearly identical (r = 0.98). 


The 2-plane method required orthogonal views provided : 


by parasternal long axis and 4-chamber apical plane. In __ 
our study, 4-chamber apical views were obtained, buto > 
nadie dobutamine sailor the een of ot thee ; . 
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We found that changes in flow produced by dobu - 
mine and phenylephrine did not change the mitralanulus— 
diameter. Rassi et al? demonstrated an increase in mean 
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havan ( aie ines CM, Tee. Wong M, Shah PM. Simplified 
echocardiographic measurement of the mitral anulus. Am Heart J 1986;1 12 985- 





American Academy of Pediatrics 
< Section on Cardiology © 
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The following abstracts were selected for oral presentation ina peer-review S 
process by the Executive Committee of the Section on Cardiology, American aa T 
Academy of Pediatrics. The first 6 abstracts were selected as finalists in t ie 


Young Investigator Award Competition. 


Abstracts 1 through 18 will be presented on Saturday, Oct ki i por Ta 
abstracts 19 through 38 on Sunday, October 7. 


a 

DIFFERENCES IN CARDIAC CONTRACTILE PROTEINS: 
EMBRYONIC TO ADULT LIFE. Thomas J. L Ecuyer, 
FAAP* and Jim J.C. Lin, Department of 
Pediatrics, University of Iowa, Iowa City, IA 
Neonatal and adult myocardium respond 
differently to stimuli, e.g. inotropes and 
acidosis, likely related to the profile of 
‘contractile proteins present on the 
“developing microfilament. We examined the 
isoform changes in developing rat hearts by 
Western blot. In addition, we immuno- 
precipitated developing thin filaments with 
can antibody to tropomyosin, and analyzed them 
as oan index of function of embryonic isoforms 


of. troponin T(TnT) and I{TnI). We identified 


“adult and embryonic cardiac TnI isoforms and 
a skeletal muscle isoform, all with different 
olecular masses. TnI isoform switching 
begins by embryonic day 16 and is completed 
yy postnatal day 21. TnT isoform switching 
egins after birth and is complete by 
stnatal day 15. TnT but not TnI isoform 
hing. is demonstrated on immuno- 
recipitated thin filaments during perinatal 
‘heart development. The timing of isoform 
switching and presence of embryonic TnT but 
Tni on developing thin filaments suggests 
hat TnT may play a greater role in 
etermining developmental differences in 
dial function. In addition, 2D gel 
oresis demonstrates that the extent 
OSpNOl lation of tropomyosin decreases 
ican’ yas development progresses. 
lange may be responsible for some of 
se ‘ipo ial differences seen in 
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ANGIOTENSINOGEN (AO) GENE REGULATION EN: E E 


THE PREGNANT AND FETAL RAT Allen D. Everett*, 
Robert L. Chevalier, and R. Ariel Gomez. Department: of 
Pediatrics, University of Virginia, Charlottesville Virginia. 

Ao, is the only known precursor of angiotensin H, a potent. 
regulator of blood pressure and fluid-clectrolyte homeostasis, 
Expression of the fetal Ao gene is developmentally regulated, , 
increasing markedly at birth, To determine whether expression” 
of the Ao gene is hormonally regulated in the pregnant and 
fetal rat, time dated pregnant Wistar-Kyoto rats were piven 
either a daily intraperitoncal injection of dexamethasone (Dex, 
10mg/kg) or T3 (1Oug/kg) for five days (chronic Dex or T3} 
and sacrificed on day 20 of gestation or a single injection of 
Dex on day 20 of gestation and sacrificed after six hours (acute. 
Dex). Total RNA from maternal and fetal livers, brains, 
kidneys and hearts was extracted and Ao mRNA levels 
determined by dot and Northern blot hybridization using a rat. 


IPAO cDNA. Chronic Dex treatment resulted in a 190%: = 


increase in maternal and 370% increase in fetal hepatic Ao 


mRNA levels, without affecting Ao mRNA levels in the fetal 


brain, heart or kidney. Acute Dex treatment: resulted. ina. 


260% increase in maternal hepatic Ao mRNA levels with fo Je 
change in the fetus. In addition, baseline hepatic Ao mRNA 


levels were decreased 250% in pregnant animals as compared. . 
to non-pregnant females and males. Chronic T3 treatment: 
resulted in a 20% increase in maternal hepatic Ao mRNA. 
levels, without alteration of fetal Ao gene. expression. - a 
conclude that: 1): Ao gene expression is: regulat ted. 
glucocorticoids in the term fetal and maternal liver; 
Although the Ao gene is expressed in multiple. fetal “OFRANS, 
the response to Dex is tissue specific. 3} Contrary to previous 
enzymatic. studies. hepatic” ‘AG gene expression i$ ‘reduced 
during pregnancy and 4) Chronic T3 treatment. results: in. 
modest increase in maternal hepatic Ao gene expression. The 
augmentation of fetal Ao gene expression at term suggests that 
Ao may play an important ee it -preparing for: the transition 
to extrauterine life, : 





IMAGE- BASED CALCULATION. OF 

TIMES + POTENTIAL FOR NONINVA- 
ARDIAL “TISSUE CHARACTERIZATION. 
LZ. Af J.C. Ehrhardt, D.J, 


ave kovn. increased myocardial collagen 

in hypertrophy and infarction is asso- 

with longer in vitro T2 relaxation 

T2). Controversy exists as to whether 

resonance (MR) image-based calcu- 

ns can accurately identify these small 

Of T2. Since right and left ventricu- 

“and LV) myocardial T2 are known to be 

erent, we compared image-based T2 measure- 

with in vitro calculations and related 

‘ences in T2 to tissue water, fat and 

agen content. 

in-echo MR image intensities at 1.5 Tesla 

è used to calculate image-based T2 in the 
‘and LV free walls of 9 ex vivo hog hearts. 

owing imaging studies, in vitro T2 were 

ermined at 0.47 Tesla: Tissue water, fat 

collagen contents were determined on each 

tro sample. 

Both image-based and in vitro T2 were 

ficantly longer for the RV than the LV 

RV vs. LV = 59,042.9 vs. 54.243.6 msec 

in-vitro RV vs. LV = 68.144.9 vs. 64.2+5.0 

sec; both p<.001). Further, RV water and 

ollagen [content were significantly greater 
than LV while fat content was not different 

For the pooled RV and LV data, image-based T2 
“correlated with in vitro T2 (r=0.81; p<.0001). 

cov Gonelusions: Image-based T2 measurements 

“can identify small differences such as those 


Oks that exist between the RV and LV. These 


image-based T2 calculations may allow noninva- 
sive characterization of myocardial changes, 
such as occur in hypertrophy, cardiomyopathy, 
ane infarction. 


a | 


> MATURATIONAL CHANGES IN FORCE DEVELOPMENT IN 

RABBIT PULMONARY ARTERY Jay S Chandar*t, Amelia 

Escobar, Cornelis van Breemen, Henry Gelband, 
“FAAP, Dept of Ped., Univ. of Miami, Miami, FL. 


Maturational changes in the delivery of myo~- 


: n plasmic free calcium *(Ca) via transmembrane Ca 
oo o¢hannels (CH) and release from intracellular Ca 


stores(SR)were studied by measuring isometric 


: ee force development (¥F),in newborn (N){n=6) age 2-3 
ae days, juvenile(J) (n=6),age 1 month, and adult(A) 


(PSH), Maintained tone due to receptor operated 
CH(ROC) was _geasured in the presence of ayer Shae 
phrine 10°°M (NE) and diltiazem 10°°M. Tone 
iue to voltage gated CH (VGC) was recorded in 
1@ presence of K* 80mM and adrenergic 
cers, SR Ca release was recorde as NE and 
eine 40 mM (CAF) contractions in the 
eof extracellular Ca. The results for 
+F (gm/mm*) and % F (using VGC F as 

} in each group are listed. 
-YGC ROC SR(NE) SR (CAF) 
+.0341 0.14+.02#! 0.19+.02*1 0.04+.0141 
32, 744, oai 48, 148. 34t il. 043, 5% 
2.44.15 2.34.22% 0.54.06 
79.346.6 74,94+5,7% o 741. 9 
2.44, 29 4.24. 46 0.8+. 13 
At 78.44 16 128.1+9,3  24.543.5 — 
N or J vs A p< 0.05; Y= Nvs J p< 0.05. 
wos. Pai in J & A Mear to. ~ with all 


: 7 HYPEROXIA STIMULATES THE PRODUCTION OR RELEASE 
_ OF ENDOTHELIUM-DERIVED RELAXING FACTOR (EDRF) 
FROM NEONATAL VESSELS 


W..Day*, Thomas $. Klitzner, and Louis J. Ignarro 
Department of Pediatrics, UCLA 

To determine whether oxygen (O2) stimulates. the production or 
release of EDRF, the response of neonatal rabbit aortic (Ao) rings to 
an inhibitor, N-monomethyl-L-arginine (L-NMMA), was evaluated 
during mild hypoxia and hyperoxia. Following euthanasia with 
pentobarbital, the descending Ao was isolated and two Ao rings, with 
intact endothelium: (E+), were mounted to an isometric tension 
transducer in separate baths of Krebs solution with 95%N2/5%CQ2 
(N2) [PO2 = 50:70 mmHg]. At steady baseline tension, L-NMMA, 
0.001M, was added to ohe bath (A) and the response observed. Both 
vessels were then exposed to a gas mixture of 9§%02/S%CO2 (02), 
[PO2 > 500 mmHg}, and allowed to constrict maximally over 1-3 
hours. Thereafter, the Ao ring of the second bath {B} was treated with 
L-NMMA, 0,001M, and the change in tension measured. O2- 
mediated constriction of endothelium-denuded {E-) Ao rings was also 
evaluated and the contractile response compared with E+ vessels 
=~ an v unpaired t test. 


N 1. 
0.95 


L- NMMA did not change Ao (E4/A) tension during N2. However, a 
marked increase in Ao (E+/8) tension occured when L-NMMA was 
added during O2. The contraci:le response of E- rings was not 
influenced by L-NMMA, confirming successful removal of the 
endothelium, Statistically comparable tensions were acheived by each 
Ao ring group following O2 and L-NMMA. Preliminary studies 
using piglet pulmonary arteries demonstrate an identical EDRF 
response to O2. Furthermore, indomethacin did not markedly 
influence tension during N2 or O2 in separate studies. 

Conclusion: O2 stimulates the production or release of EDRF in 
neonatal rabbit and piglet vessels. 

Perhaps, EDRF contributes to pulmonary vasodilation associated 
with alveolar hyperoxia. 


ACUTE ADMIODARONE AFFECTS THE LOWER AV NODE 
IN NEONATAL AND ADULT RABBITS. *Charles H. 
Gaymes, Kenneth W. Hewett and Paul Cc. 
Gillette. Medical University of Sc, 
Charleston, SC. 

The effects of acute superfusion of 
amiodarone (AMIO) on neonatal (< 10 days of 
age) and adult rabbit atrioventricular node 
(AVN) preparations were studied using 
standard microelectrode techniques and 
surface electrograms. Pre-drug 
measurements, followed by drug measurements 
were made at stimlus cycle intervals of 
400, 600, and 800 msec. AMIO (1x1075y) 
produced no significant change in any aati 
potential characteristic in the upper 
regions of the AVN in either age group. In 
koth neonate and adult, this drug 
significantly reduced the action potential 
upstroke velocity (Vmax) of the lowest 
region of the AVN. The reduction in Vinax 
was from 75.2 to 47.5 V/s (737%) in neonatal 
preparations (m=5) and from 62.1 to 33.1 V/s 
(~46%3) in the adult aa (1F6). 

These drug induced changes in Vinax 
demonstrated no cycle length ‘dependence in 
either age group. There was a small but 
consistent. reduction in action potential a! oe 
duration 50 and 90% of repolarization in - 


‘In conclusion, . the primary effect of oe 
administration of AMIO on the AV node in n 
ere e e ee ee 


in the lower region. 













. spitali ot : Philadelphia, Pennsylvania. 
Pre-operative identification... .¢ 
recise connection and drainage of the 











eft heart syndrome (HLHS) -is 
surgically important either — with 
@reation of a large ASD (Norwood's 
rocedure) or when heart 
ransplantation is contemplated. 
chocardiography (ECHO) with color flow 
Doppler (CFD) of 217 patients (pts) 
with HLHS detected partial or total 
anomalous. pulmonary venous connection 
mn 15 pts (6.9%), all had absent or 
small foramen ovale, thick muscular 
atrial septun and/or posterior 
‘deviation of septum primum. In 10 pts, 
CW's were not connected to left atrium 
-= (GA) and drained anomalously to 
innominate vein (IV) (6 pts), superior 
wena cava (2 pts), coronary sinus (1 
pt) and infracardiac {1 pt). In 2 pts, 
tight PV's only were connected to the 
right side of the deviated atrial 
--“geptum while left PV's were connected 
normally to LA. In 3 pts, all 4 PV's 
-. were normally connected to LA despite 
persistence of a vertical vein draining 
into IV. Echo with CFD defined the 
a precise connection site of PV's in each 
< (case. 























> FETAL ECHOCARDIOGRAPHY - A COST-BENEFIT ANALYSIS 
: David A. Danford, MD, FAAP*, Larry A. Latson, 
MB, "PAAP, John P. Cheatham, MD, FAAP, Pediatric 
`c Gardiology, University of Nebraska Medical 
Center, Omaha, Nebraska 


Fetal echocardiography (FE) has been 
“advocated for many indications without 
“quantitative discussion of anticipated costs (C) 

and benefits (BY. The purpose of this 
nvestigation is to refine indications for FE by 
entification of clinical factors with major 
uence on C anc B. Decision tree analysis 
aled that of 13 variables that influence C 

B, by far the most important was pre-FE 
obability of congenital heart disease (pCHD). 
w others: financial cost of FE, duration of 
‘emaining © pregnancy, value of parental 
eassurance by negative study, and anticipated 
ige in one year survival due to recognition 
f heart disease in uterg had large influences 
m C/B ratio. The remaining 8 variables had 
ad impact. Even presuming a very high cost 
; and no anticipated benefit in parental 
ial ity of life, a minimal impact upon long-term 
survival of the fetus appears sufficient to 
justify FE, when pCHD > 10%, When pCHD < 5%, 
impact on parental quality of life must be 
hetanttal to Folkers FE. The enthusiasm for 






























‘the scarce meniral dollar. 
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of S 
pulmonary veins (PV's) in hypoplastic pan > on the fetal ductus and potential. mor 
and on four normal women through the third ue 


prior to ASA at 28+]wk gestation (G), a 


vice othe ea a with which pare 







q ormar Š 
te Peds. ni UTSWMS, pallas a | 
ecreased incidence of pre- -eclamy 








on ‘low-dose | aspirin (ASA) i ae 
reported. To evaluate the effects of AS: 








bidity, performed serial. feta 7 
2- -D/Doppler “echocardiograms (2D/DE) on 7o 
primigravid women receiving ASA, 81 naday. E 


trimester of pregnancy. 2D/DE was- performed 






was repeated at 1 week and at 2-5 weeks o 
ASA, and in neonates. Peak systolic ductal 
flow velocity (DV) averaged 0.93+0.06 
m/sec prior to ASA (G24- -33wk), 0.9840.0 
m/sec after one week on ASA . (G25- -35wk), 
and tended to increase, |. 2240. ll m/sec 
(p=0.06) after 2-5 weeks on ASA (G27-37wk). o 
DV were increased in association with both 
G and time on ASA. Two fetuses on ASA - 
developed DV >1.4 m/sec. In the normal 
women, DV tended to increase with advancing 

G, and was > 1.4 in 3 of 4 patients in late 
gestation. The women on ASA had normal o o Cono 
infants with normal post-natal 2D/DE and no. o ooo 
evidence of pulmonary hypertension. Lt aps er 
pears that increases in DV seen in patients ooo 

on ASA may be related to advanced G, rather- 

than ASA. Further, deleterious effects on 

the newborn due to ASA have not been 
demonstrated. 


















































EXERCISE ECHOCARDIOGRAPHY (EE) FOR 
IDENTIFICATION OF ANTHRACYCLINE 
CARDIOTOXICITY | 
“Kenneth M. Weesner, M.D.,FAAP, Marita Bledsoe, 
BS, Allen R. Chauvenet, M.D., Marcia Wofford, M.D. age 
Pediatrics, Bowman Gray School of Medicine a 
In order to detect evidence of latent 

cardiomyopathy (C) in patients (pts) who received 
anthracyclines {A) for cancer chemotherapy we 
performed exercise echo (EE) on 20 asymptomatic 
survivors of childhood cancer (CC). 10 pts had ` 
received A, 10-20 yrs (m 14 yrs). These 10 had- 
received 90-498 mg/m* of A (m 291) and were: 
yrs after treatment {m 7). 10 pts received no A, 8 
27 yrs (m 16 yrs). Testing included resting M-mode, 
and Doppler Ao velocities. Exercise (EX) was with an 
upright bicycle ergometer. We recorded BP, HR, Ao > 
peak velocity (AoPV) with each level of EX. Post-EX. 
shortening fraction (% 4), Vef and AoPV were | 
recorded. Mean CI was 5.7 + 1.5 Limin/m? in A 
pts and 5.5 + 1.3 L/min/m? in non-A pts (p=NS). 
After EX, Cl was 11.4 + 2.3 in A pts and 13.3 £ 4.4 
in non-A pts: (p=.09), (% Sy changed from 39% + 
8% to 38% + 8% after EX in the A pts and from 
43% a 7% to 52% + 11% in the non-A pts 

p<. {changed from 13 + 3 to 154.5 

| Sin non-A’ pts. 
2 + 79 eec nA 





















OF | EFT VENTRICULAR FRACTIONAL 


(ING AS AN INDEX OF CONTRACTILITY IN HIV- 


ED CHILDREN. Steven E. Lipshultz, MD FAAP", 
Sanders, MD, Steven D. Colan, MD, E. John 
hb, Kenneth Mcintosh, MD. Department of 
logy, The Children's Hospital, Boston MA. | 
‘entricular contractility in HIV-infected patients isan 


measure of the extent of cardiac involvement and of 


cess of therapeutic interventions. However, load 
dent ejection phase indices such as fractional — 
tening (FS), which are commonly utilized to determine 
tractility, may not provide accurate information about _ 
tility. To assess this relationship. we examined 176 
s from 74 HIV-infected children in which there were 
multaneous measurements of FS, contractility (utilizing the 
fate-corrected velocity of fiber shortening - end-systolic wall 
-stress relation: a validated, load-independent index), LV 
erload and preload. As expected, FS and contractility 
j a strong correlation (r@=.84). However, when FS was 
K Hinto depressed {<28%), enhanced (>34%) and normal 
v it-did not correctly predict contractility classification for 
jany echos. Forty-two percent of echo studies with 
depressed FS had either normal (16/43) or enhanced (2/43) 
ttractitity. Enhanced FS predicted enhanced contractility in 
nly 57% (48/84) of echos. Afterioad was abnormal in 56% 
nd preload was abnormal in 26% of all echos, Loading 
-abnormalities explained most discrepancies between 
_ contractility and FS. 
in summary, the high incidence of abnormal loading 


_ conditions in HIV-infected children precludes the use of load- 


. dependent ejection phase indices, particularly FS, to assess 

_ contractile state. Measurement of load-independent 

: contractility and specific loading conditions allows more 
accurate determination of clinical status and may lead to more 
«tational clinical management of HIV-infected children. 
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‘COMPARISON OF TRANSESOPHAGEAL AND EPICARDIAL 


ECHOCARDIOGRAPHY IN SMALL CHILDREN DURING 


SURGERY FOR CONGENITAL HEART DISEASE. 


= D.A.Fyfe, FAAP*, C.H.Kline, R.M.Sade, F.A. 
-oe Crawford, C.Greene and N.H. Brahen, Medical 
University of South Carolina, Charleston, SC. 


i -We feii intraoperative transesophageal 
: ooe epicardial (EPI) 2-5 and color flow 


in 35 children aged from 1.5 to 41 


g (median 8) Kg. In optimal studies repaired 
regions were fully visualized and Doppler flow 
was diagnostic. Heart defects included, 
atrial (ASD) (6), ventricular (VSD) (7) and 


itrioventricular (AVSD) (4) septal defects, 


fetralogy of Fallot (5). Eight patients had 
ified Fontan operations. | 
Optimal Studies 
ASD AVSD FONTAN mVSD oVSD  RVOT 
6 i 2 1 
2 a $ 5 


on material e.g. outlet VSD. TEE was 


to EPI for evaluation | of cavo- 


SESSE Whether TEE or. EPI are ‘selected 

a intraoperative ‘echo-Doppler assessment of 
ical results should be- based ‘upon 
vledge of the limitations of each t : 


în viaialiaing the ppteirie lesion operated. ae 


mit COLOR FLOW IN CONGENITAL HEART 


DISEASE: ee PEEPHOLE TO THE HEART 


© Samuel B. Ritter, M.D., FAAP, Ped, Cardiology 


The Mount. Sinai Medical Center, New York, NY 


Br rE Doppler, color flow echo (TEE) 


Coremetrics ie perform 83 studies ae 65 
_ infants and children ranging in age from 6 
hours to 18 years (ff - 32 m) weighing 2.4 - 


30 kg (ff -.10.6 kg). 29 of the patients were 


infants under 1 year of age: 18 were studied 


by TEE within the first 10 days of life 
(weight range 2.4 ~ 4.3 kg). Studies were per- 
formed both intra~ and postoperatively. TEE 
was diagnostically critical in 21 infants, 
(33%) identifying structures not seen by stan- 
dard transthoracic echo or cardiac catheteri- 
zation. These included identification of 
confluent. pulmoriary arteries in 3 patients 
with pulmonary atresia, coronary artery 
anomalies in 5 infants with transposition and 
tetralogy, and straddling AV valve attachments 
in 2 infants with AV septal defects. The 
majority of infants underwent palliative or 
corrective surgery without cardiac catheteri- 
zation based on TEE echo studies. 4 patients 
underwent reoperation based solely on TEE ICU 
studies. TEE is a safe diagnostic imaging 
modality whose use in the smallest infants is 
now a reality: it provides invaluable intra- 
and postoperative hemodynamic information in 
a "noninvasive" real time manner. 
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ABNORMAL NOREPINEPHRINE RESPONSE TO 
MAXIMAL EXERCISE IN HYPERTENSIVE 
COARCTECTOMY PATIENTS. Robert. D. Ross 
MD, FAAP*, Sandra K. Clapp MD, FAAP, 
Stephen Gunther MD, Stephen M. Pariden 
MD, FAAP, Richard A. Humes MD, FAAP, 
Zia Q. Farooki MD, FAAP, William W. 
Pinsky, MD, FAAP. Cardiology-Children’s 
Hospital of Michigan, Wayne State Univ. 
School of Medicine, Detroit, MI. 

Since the mechanisms of exercise 
induced hypertension (HTN) after 
coarctectomy are not fully known, 34 
patients aged 7.8-40.3 (median 15.4) 


“years were studied with graded stress 


tests 4.4-25.0 (median 9.5) years after. 
repair. Serial samples for plasma 
norepinephrine (PNE) were drawn from an 
indwelling venous catheter. Results: 
NT=Normotensive exercise response, RC= 
residual or recoarctation. Peak PNE: 
ton No RC ni. Re. 
NT 13117084653 pg/ml| 7| 2440+689 | 
HTN; 7 | 3077+1216* 7| 292141132%) 


*=p<0.01 vs. NT/No RC by oneway ANOVA]. 


Patients with exercise HTN also had 
higher Schack 5’ and 15” poar 


than the NT group. There were no aif a 
ferences in age, BSA, year of repair, | 


HR, diastolic pressures, baseline PNE, 


maximal work rate, oxygen consumptio 


er: respiratory quotient between. the H 
and NT groups. Conclusi  Exercis 
_ induced HTN after. coarctectomy 

. Yelated to abnormal sympathetic o 

_ jwhether or not RC. has SEEN 
























urner FAAP, Elaine S. Skurow, Edward 
ley FAAP. Department of Cardiology, children’ $ 
ational Medical Center, Washington, DC. 
Jo determine the hemodynamic effects of 
‘anemia in children with end stage renal dis- 
-ease(ESRD), we studied cardiac performance 






















‘they. required renal dialysis, were anemic and 
had normal blood pressure +/-Rx. EPO 50 U/kg 
IM/IV was given 3 times/week until Hct > 33%. 
Cardiac output(rebreathing), 2D echo and 
treadmill tests (Bruce Protocol) were performed. 
5 boys and 5 girls, 1543y, with ESRD (serum Cr 
6.5+4.5mg/d1) were given EPO and Hct increased 
(2143% to 3343%, p<0.001). Resting cardiac index 
was increased before EPO and decreased after EPO 
` (4.69+41.20 to 3.1740.45 1/min/kg, p=0.016) due 
to decreases in HR and stroke volume. Blood 
- pressure did not chance. Cardiac wall thickness, 
chamber dimensions, LY wall stress and velocity 
of circumferential fiber shortening were normal 
=: and did not change with EPO. Exercise time was 
w decreased before EPO and increased to normal 
>- yange (9,542.2 to 10.741.6 min, p=0.009) after 
< EPO. Resting VO, decreased from 8.4841.93 to 
~ &.7641. 30m10,/min/ kg, p=0.001 and peak exercise 
vO, decreased from 26.694+5.04 to 23.8043.51, 
p=0, 07. Correcting anemia in ESRD had no 
short term effects on 2D echo indices of 
Cardiac performance, however, resting 
hemodynamics (CI & YO) and exercise 
tolerance improved. Further changes in 
<gardiac performance may occur in long 
term follow-up. 
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-i PERCUTANEOUS TRANSSEPTAL DOUBLE BALLOON 
“+ WALVULOPLASTY FOR CONGENITAL MITRAL STENOSIS 


* Michae’ R. Nihill, MD, FAAP, Charles 
E. Mullins, MD, FAAP, Texas Children's Hospital, Houston, 
Texas 


_. . Since surgical treatment of coagenital mitral stenosis (CMS) 
->is not always successful, we have undertaken to perform 
balloon valvuloplasty on pts with CMS. We reviewed our 
results of percutaneous transseptal double BV for CMS. 
Eight pts underwent a total cf 10 procedures. All had 
ms of severe MS. Twe had isolated CMS, 6 had 
ional cardiac defects; 1 had previous surgical valvotomy. 
nged from 7 mos-36 yrs und 9 yrs), weights 4.5-84 kg 
kg). 5/10 were heparinized. The balloon:annulus 
as 0.85-1.17. All procedures were well tolerated. 
3V., all had marked clinical improvement. There was 
icant change in LVEDP, and the “a” wave to LVEDP 
adient was reduced from 25.1 to 9.6 mmHg (p<0.001). 
ications included 1 hemopericardium evacuated in the 
th ‘fab, 1 (Shone complex) developed 2+ mitral 
yutgitation {MR}, 2 developed trivial MR, 1/5 not 
arinized had a transient ischemic attack. Two had repeat 
alter: 7 mos due to restenosis; one subsequently expired 
urgical valvotomy:. Follow-up on 6 pts (mean 24 mos) 
3 no recurrence of symptoms or increased MR. 
USIONS: ms Percutaneous serena double BV I is 
































adm seas ih e recommended after Saco 






IN CARDIAC l aes 
artin FAAP, Raymon 5, Ongkingea, Mary 


M, ' Bocek FAAP. Praa hen S angh, f 5 
- Center. ‘Salt Lake City, Utah x 


. before and after EPO. Children were included if . 


From 1985 to 1988, we prospectively 
randomized 27 pts (age 3-10 vrs) with native. 
coarctation of the aorta (GOA) to receive’ 
either balloon coarctation angioplasty (BCA). 
(n=14}-or surgical end-to-end anastomosis 
(SURG) (n=13). Gur purpose was to prospec- © 


tively compare the results, complications, and 
incidence of aneurysms in these two e 


The groups were similar in age (5.8 vs 58? 
yrs. BCA vs SURG), and pre-treatment peak - on 
systolic pressure gradient across the COA. (46 oe 
vs 51 mm Hg). After treatment, residual . 
pressure gradient was similar by both 


a 


catheterization performed 14 + 6 months lat er . 


Ed 


(11 + ll vs 8 + 6 me Hg, n=14), and by blood 
pressure cuff measured 19 + 11 months later . 
(12 + 14 vs 7+ 8 wm Hg). Complications were: 
not significantly different. between groups: BCA 
- one pt severe hyper-tension; SURG ~ one pt. 
vocal cord paralysis, one pt lower extremity 
weakness and one pt post-operative bleeding. 
MRI (n214) and angiography (n=14) were . 
performed at 17 + 2 months after: treatment in 
24 pts. Aneurysms developed in 4 pts afrer BCA 
and 1 pt after SURG. We conclude that in this 
small group of randomized pts there is no 
significant difference in the results or 
complicatious between pts with COA treated 
with BCA or SURG. BCA tends te result in more 
aneurysms than SURG. 
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TRANSCATHETER CLOSURE OF SECUNDUM ASD 
IN PEDIATRIC PATIENTS: THE FIRST YEAR'S 
EXPERIENCE. Nancy D. Bridges, MD*, Jane W. 
Newburger MD, John E. Mayer MD, and James E. Lock 
MD. Cardiology Department, The Children’s 
Hospital, Boston. 

Clinical trials of the "Clamshell" Occluder 
(Bard, USCI), an umbrella used for catheter closure 
of secundum ASDs (ASD2) <22 mm in diameter, began 
in 2/89. We retrospectively reviewed and compared 
all pediatric patients (pts) having transcatheter 
or surgical closure of ASD2 at Children’s Hospital, 
Boston, in 1989. Results were (mean, range): 





There were no > deaths i in either group; by 
physical examination, all had closure of the ASD. 
In the transcatheter group, fiouroscopy time was 37 
{20-51} minutes; 2 pts also had balloon dilation of 
the pulmonary valve. There were no catheterization 
complications. Residual atrial leaks (small or 
moderate) were seen by color Doppler in 3 pts. 
Hospital charges averaged $6,427. In the surgical 
group, pump time: averaged 34 (20-76) minutes. Com- 
plications included ectopic atrial tachycardia. 
(1), pneumothorax (2), minor GI. bleeding (1), and 
post-extubation stridor treated with steroids (1). 
Echo assessment of defect closure was not perf: ormed © 
in surgical pts, Hospital charges averaged | | Res 
$15,759. i 
In summary: Both procedures were safe ant: def fec- 
tive. The 2 groups may not be entirely comparable. 
Transcatheter closure appears to- result in less ICU 
care, shorter hospitalization, fower blood trans- 

itë arges than. eee 








E ESPONSE € oF PATIENTS WITH AORTIC 
i REPORT OF THE SECOND NATURAL HISTORY - 


1 en Wolfe, W. Gersony, C. Hayes, 
B, Kidd, W, O'Fallon, D. Pieroni, 


2 Seve We report the results, ‘of 
i exercise testing of 134 pts. with AS 
pating in NHS-2. The 108 M and 26 F | 
d from 19-49 (median=31.5) yrs. old, 
y-three had no prior operation; 63 had 
c valvotomy and 38 had aortic valve 
cement (AVR). A max effort during 
ise was achieved by 111. The test was 
rminated by the examiner in five instances 
rrhythmia- 1; syncope-1; leg fatique-1; and 
egment A and/or abnormal Bp-2). Exercise 
jon (% pred.) was 86.8% which is (P<0.05) 
an. normal. Higher Quetelet index, wt. 
YHA class were negatively associated 
05) with exercise duration. Prior val- 
my or AVR were negatively associated with 
pmax, HR max was 95.1% of pred. which is 
0.05) less than normal, HR max was Tower 
pts. who had AVR than valvotomy or medical 
treatment. The occurrence of multiforme PYCs, 
‘couplets and VT were influenced (P<0.05) by 


-¢linical status, prior aortic valvotomy or AVR 


and M gender. There was a positive correlation 
between aortic gradient (Doppler) and ST seg- 

< ments. Aerobic capacity and HR max are 
reduced in pts, with AS. AS severity and 
Management affect aerobic capacity, the 
Presence of arrhythmia and degree of ST 
Segment Ay 


Jose A. Ettedgui* MD, Terry Tallman RN, William 
- H; Neches MD FAAP, Elfriede Pahl MD FAAP, James 
_ R. 2uberbuhler MD FAAP, Donald R. Fischer MD 
FAAP, Lee B. Beerman MD FAAP, Ralph D. Siewers 
MD. University of Pittsburgh School of 
Medicine, Children's Hospital, Pittsburgh, PA. 
3w term morbidity and mortality were 
valuated in the survivors of 51 consecutive 
fants with severe aortic valve stenosis 
eated surgically in the first 10 weeks of 
Life from 1957 to 1987. There were 30 
erioperative deaths (58.8%). The 21 early 
rivers (those who were discharged from the 
ital) have been followed from 3 to 27 years 
(median 8.5). The 10 yr actuarial survival 

100%. There have been 2 late deaths, 1 
denly at age 13 yrs, and the other at age 14 
öllowing dislodgement of a prosthetic 
‘Freedom from reoperation at 10 yrs is 

Six patients have required reoperation: 

rwent repeat valvotomies for persistent 


moderately s severe 
eres of ot 


is, MEBS, FAAP; ee L Bery, MD, 


cae 1 FAAP; s Hdugede Arelia MD; William W Pinsky. 
MD, FAAP; Children's Hospital of Michigan, 


Wayne. State ‘University School of Medicine, 
Detroit, Michigan 

Although valve replacement (repli) is 
commonplac in pediatrics there are few 
reported long-term evaluations of large numbers 
of pts from. ‘a single institution. Between 1971 
& 1990, 108 ‘pts (median age 11.5 yrs) underwent 
125 valve. repl. (Bjork Shiley 77, St Jude 41, 
Omni~Science ‘6, Medtronic Hall 1) for 


regurgitation (51), stenosis (39) or both (18). 


There were 10 operative (op) and 6 late deaths 
(1.5 - 7 yrs post-op), Major complications 
included bleeding (6), stroke (3), embolism 
(2), pannus formation (5), endocarditis (4), 
perivalvular leak (4) & heart block (6). 
Follow-up evaluation (median 7 yrs) of 74 of 92 
pts revealed 68 to be in NYHAC I, & 6 to be in 
class II, 

(n) % % % % Overall 

Pts Mort. Morb. Re-op Survival 
AV 72 8.4 15 12.6 92 
MV 29 27.5 9.5 9.5 72 
AV+MV 3 66.6 0 0 33 
TV/PV 4 _ 9 Q 9- 190 
Total 108 15 11 10 85 
High op mortality with MV and MV + AV repl 
correlated with severity of the defect. 
Conclusions: Despite 9% op mortality and 18% 
incidence of complications, overall prognosis 
appears to be good. Late sudden deaths (6%) 
warrant close long~term follow-up especially 
with AV repl. 
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AORTIC VALVE REPLACEMENT IN. CHILDREN: LONG- 
TERM FOLLOW-UP.*Douglas S. Moddie, M.D. FAAP, 
Usama A. Hanhan, M.D., Richard Sterba, M.D. 
FAAP, Eliot Rosenkranz, M.D., Andrea Homa, BS 
Pediatric Cardiology, Cleveland Clinic 

Few studies have dealt with the long-term 
follow-up (FU) of children with aortic valve 
replacement (AVR}. Thirty-four children 
underwent AVR from 1972~1988, 28 (82%) males 
and 6 (18%) females, mean age 17 years (yrs), 
range 10-20 yrs. The most common symptoms 
were fatigue (69%), shortness of breath (67%) 
and dyspnea on exertion (57%). Seven patients 
(pts) (21%) were FC III or IV and the 
remaining number of pts were FC I and II. 
Thirty-three pts (972) had a systolic murmur, 
29 pts (88%) a diastolic murmur, 23 pts (74%) 
left ventricular hypertrophy and 24 pts (71%) 
cardiomegaly. Twenty~two pts underwent 
isolated AVR; 12 pts had additional 
procedures. Thirty-six valves were implanted: 
17 (46%) St. Jude, 5 (14%) Bjork Shiley, and 
3 (8%) Carpentier Edwards. Seven pts (20%) 
had tissue valve prosthesis. There was 1 
hospital death (2.9%). FU was obtained on 30 
of 33 pts (91%) with a mean FU of 80 mos. 


_ Ages of pts at time of FU ranged from 15-35 


yrs, mean 24 yrs. One pt (3%) had a major 
thromboembolic event and 1 pt (3%) had . 
prosthetic valve endocarditis. Five pts (16%) 
required reoperation. There were 3 Jate- 
deaths. Actuarial survival curves showed 
survival at 5 yrs, 84% ato 10. 


_ Twenty-three of 27 (852) survivors - are} 
ES. I at the. time of FU. AVR in. childre 
be performed with low mortality and morb 


aea long. term. resųits. 





“A Eee le fancy Holabird i 
Dept. of Pediatrics, Yale School of Medicine 


A 25 year prosvective study of pregnancy. in 
236 mothers with congenital heart defects (CHD) 


‘with a 3 year follow-up of their infants, was. 
compared with a study of 119 affected fathers 


and their 419 children. These probands had been 


‘patients in the same cardiac clinic under the 
author, most originally seen prior to LORN. 
Sults were grouped according to the parental 
agnosis in seven major catagories. CHD was) 
“present in 55 (13.2%) of the mothers’ children 
and 62 (14.8%) of the fathers’ children, not 
significantly aifferent. Concordance, however, 
was 537 in the maternal study, 32% in the pat- 
ernal study, (P=0.025). There was significant 
dominance in maternal group with ventricular 
septal defect and in the paternal groun of 
“pulmonic stenosis. 
‘Over the 25+ years of this study, several 
-smaller studies indicated children of affected 
mothers were more likely to have CHD than those 
“of fathers, Several studies had the same range 
as above. A compilation of ten outstanding 
¿studies identifies 3917? probands with RARD 
“ progeny, %75 of whom were affected. Most of 


“these studies were net prospective. The overall 


incidence of CHD in these children was 4% (748 
of 3721) in the male probands, 5% (218 of 4321) 
’ in the female probands, (P=9,95). The inci- 

dence of CHD in the offspring of affected 
parents is higher than originally suspected 
with a possible sligkt dominance in the pro- 
geny of maternal probands. 
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VENTRICULAR SEPTAL DEFECT IN INFANTS: AN EIGHT- 


YEAR POPULATION-BASED STUDY. Char lotte Ferencz, 


MD, FAAP,* Catherine A. Neill, MD, FAAP, Joel 
A Brenner, MD, FAFP, Lowell W. Perry, MD, 
FAAP, Gerard R. Martin, MD, FAAP, and the 
“Baltimore-Washington Infant Study Group. 
-Department of Epidemiology and Preventive 
Medicine, University of Maryland School of 
Medicine, Baltimore, Maryland. 
‘A regional collaberative case-control study 
ascertained 3583 infants with cardiovascular 
Iformations (CVM) between 1981 and 1988. 
ntricular septal defect (VSD) increased in 
ve-birth prevalence from 9/10,000 in 1981-82 
“90/10,000 in 1987-88. The ratio of 
embranous. defects (vSDme; N=869) to muscular 
fects (VSDmu; N=307) decreased from 10:1 in 
981-82 to 2:1 in 1987-88. Diagnosis by 
chocardiography alone increased from 60% in 
2 to 95% in 1987-88. Of 533 VSDme and 133 
mu (1981-86), 14% in each group closed by 
year. Noncardiac anomalies (NCA) were 
esent in 98 (18%) VSDme and 10 (8%) VSDmu. 
rial ‘septal defect. or patent ductus 
riosus occurred in 47% of VSDme with NCA 
d in only 13% of isolated VSDme. Multivariate 
alyses of case-cortro| differences revealed 
k factors for VSOmu. Suspect risk factors 
solated VSOme included: familial CVM (odds 
wa 52, 99% confidence interval [CI]: 
Bh diabetes (OR=4.60, CI: 1.26, 
ticides (OR-1.51, CI: k 10, 2. 07), 


ng under Ls temperatures (OR=11.04, 
Je vSOme identified as small or. 
“did not differ from larger < = 

is actor . -prerii NHLBI a 


OW-UP JF 289 PATIENTS 
AP*, Ceeya Patton, Richa 
alton Lillshei. Depa’ 
cs, University of Minnesota ` 
Study was designed to determine t 
nical status, causes of death, and effects 
of pulmonary vascular disease and of conduc~. 


< tion abnormalities during a postoperative 
period of 30-35 years in 296 consecutive sur 


vivors of closure of ventricular septal defect. 
Of the 296 survivors, current status was” Bie 
termined in 289 patients, with 7 (2%) being. 

lost. to follow-up. 7,912 years of follow-up. 
are included. Death occurred in 59 (20%) of 
the survivors, with higher mortality rates ine 


those operated after the age of 2 years, “ose 


with pulmonary resistance) 7 mmHg/L/min/M2 . 
(51%), and those with complete heart block 
(78%). Of 37 patiants with transient ae 
block postoperatively, 8 (22%) have died, 3. — 
from pulmonary vascular disease, 2 suddenly, = 
2 from unknown causes, and 1 from complete 
heart block. Twenty other patients hada 
postoperative dysrrhythmia and none died. aye 
Nine episodes of infective endocarditis occurr-._ 
ed (11.4/10,000 years). Nine of 296 offspring 
(3%) have a cardiac malformation. Most ae 
patients are in NYHA class I. The data show ©. . 
good results for these patients operated upon 
during an early era (1954-1960), and support: 
the current trend to operate on patients dur- =o 
ing infancy and with Tow pulmonary vascular > 5 
resistance. The data should be useful to ` 
cardiologists providing care to adults who 
underwent cardiac surgery during childhood. 
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Esophageal Recording and Pacing - An Adjunct 
In the Management of Pediatric Arrhythmias 


J. Philip Saul *, Larry A. Rhodes, Walter J. Gamble and 
Edward P. Walsh. The Children’s Hospital, Boston, MA 


Since August of 1987, we have performed 356 eso- = : : 
phageal recording and pacing studies for a variety of disord- 


ers in 290 patients between the ages of 1 hour and 36 years. 
Studies were performed for a) evaluation of manifest W-P-W. 
(n = 89), b) supraventricular tachycardia not related to W-P- 
W (n = 133), c) conversion of atrial reentrant tachycardia’. 
(ie. - flutter, n=76), d) ventricular tachycardia (n=2), e) 
evaluation of palpitations (n=29), f) evaluation of suspected. 
neurally-mediated syncope (n=9), and g) assessment of SA. 
or AV node function ‘n=20). A bipolar pill. electrode. { 
tients 6 years of age and older) or a bipolar. silastic corona! 
sinus ‘pacing catheter was used for recording and stimulati 
These studies resulted in 1) establishing a ‘presumptiv 
tachycardia | amechanisra in 102 patients without: 
based on VA interval and A:V ratio during: tachycardia nd 
response to pacing, 2) successful conversion to sinus rhyth 
in 38/38. patients. presenting with new AV reentrant tach çar- 
dias (including one pair of thoraco-abdominal.. Siamese 
twins); 3). successful conversion of 63/76 cases of- atni 
flutter (83%), and 4) establishing-a diagnosis in 16/29 
tients > with apep ” ea ea inducibi 





Miller, MD, Steven E. Lipshultz, MD FAAP. Boston” 
lildren's, and Franciscan Children’s Hospitals, 


‘abuse during pregnancy is a growing public health 
the United States. However, little information exists 
ific effects of cocaine upon pregnancy and the 
fetus. This retrospective study examines the. 
ionship between maternal cocaine use during pregnancy 
the occurrence of congenital cardiovascular abnormalities. 
atal drug screens performed at Boston City Hospital 


‘month period were reviewed (n=554); 39% (n=214) 


ened high risk neonates had toxicologic screens positive 

ine and 61% (n=340) of neonates were negative for 

.. Our goal was to compare the occurence of 
Ovascular malformations and electrocardiographic 
malities between these 2 groups, and to the general 
ation rates reported in the literature. Matches were sought 
ween these 554 infants and our pediatric cardiology data 
jase, which consisted of inpatient consultation, outpatient 
onsultation and electrocardiographic testing. Forty-nine 
matients had drug screens and were also entered in our 
ardiology data base: 25 had both consultations. and 
lectrocardiograms, and 24 had electrocardiograms only. The 
tequency of congenital cardiovascular malformations in the 
ocaine positive population was significantly higher (p = < 
O01) than the general population (65/1000 vs. 8.6/1000).. In 
ddition, the frequency of cardiac anomalies among our group 
_Of cocaine-positive children was significantly higher (p = .024) 
than the frequency of these anomalies among the cocaine- 
“Negative comparison group (65/1000 vs 18/1000). A variety of 


_ electrocardiographic abnormalities, high-grade ventricular 


ae _Sctopy and respiratory arrests were also noted in our study 
‘population 


__ Cocaine exposure during prenatal life appears to predispose 

infants. to structural cardiovascular malformations, 

electrocardiographic abnormalities and possibly 
cardiopulmonary autonomic dysfunction. 


ť B 
_ ELEVATED SERUM LIDOCAINE LEVELS DURING CARDIAC 
_ CATHETERIZATION IN CHILDREN 


ps John M Palmisano*, Jon N Meliones, Dennis C Crowley, Jean M 


ae Ma : ; Kimberly H Traman, and Albert P Rocchini, Division of 


Pediatric Cardiology, Univ. of Michigan, Ann Arbor, MI. 


ina prospective examination of 10 patients (PTS) aged 8 months 


De : to 16 yrs (median age = 39 mc), serum lidocaine (LIDO) levels were 


~~ oblained during cardiac catheterization, Six PTS had a body surface 
carca <1. m?, (mean wet = 10.3 kg, range 6.45 - 15 kg) and 4 PTS 
had a body surface area > 1 m2, (mean wat = 52.7 kg, range 40.2 - 
64 kg). Prior to percutaneous catheter insertion, LIDO was 
ubcutancously infiltrated into the femoral triangle. Frequent 


aspirations were performed to avoid inadvertent intravascular 
nfiltration. In 7 PTS, several sites or additional infiltrations of 
O were necessary before line placement was accomplished, 
LIDO levels using the FPIA technique were obtained 25 - 

min, (mean = 95 min) following infiltration. The anti- 
hmic therapeutic range is 2 - 5 mcg/ml. The amount of LIDO 
tered to all PTS was 2 - 47 mg/kg. The mean LIDO 
inistered to PTS with a body surface area <i om? was 20.4 
and to.PTS with a body surface area >1 m2 was 3.55 mg/kg. 

PTS with a BSA < 1 m?, 2 PTS had toxic levels of LIDO 

icg/ml and 6.8 mcg/ml), 3 had therapeutic levels (3.3 mcg/ml, 
icg/mi, and 2.4 mcg/mi), and 1 had a level of 1 meg/ml. Of 
‘PTS with a BSA > 1 m2, all LIDO levels were < 1.0 

g/ml. Although no PTS experiénced any serious untoward 
ects, the two PTS with toxic LIDO levels were noted to be 


ically depressed following cardiac catheter-ization. 


ppreciation that toxic serum LIDO levels may occur in pediatric 
luring routine infiltration is necessary. Since children <1 m2 
ppear to be at increased risk for LIDO toxicity, the 0.5% 

f LIDO should be used in these PTS. The monitoring of 


especially important when electrophysiologic data is 


Mae. 


PRENATALLY-EXPOSED TO 
ph J, Frassica, MD*, E. John Orav, PhD, 


‘since increased LIDO levels may lead to supression of the- 


Ika. 


tad Ebstein’s anomaly. Accessory AV 
connections (AC) were localized to a 10 site 
grid based on the AV annulus. The site of the 
earliest phase angle in any of 3 scintigraphic 
views during preexcited sinus rhythm or VT was 
compared to catheter localization of retrograde 
atrial activation during reciprocating tachy- 
cardia or ventricular activation during VT. 10 
pts had subsequent epicardial operative mapping 

The PA localization of 11 free wall pathways 
(7 right) (4 left) and 1 Mahaim fiber was con- 
cordant with EP study. The resolution of -2/3 
septal or paraseptal pathways was inconclusive. 
PA localization of ventricular activation was 
consistent with EP mapping in 3/4 pts with VT. 
Operative epicardial mapping confirmed the EP 
predicted sites in 10/10 pts (BAC, 2VT). 

Conc: 1) Free wall AC and sites of VT may 
be accurately defined by PA of scintigraphic 
imaging; 2) regional dyssynergy, eg Ebstein's 
anomaly, does not preclude accurate PA; and 3} 
pt age/size are not limiting factors for this 
technique. PA provides data complementary to 
catheter endocardial mapping and may enhance 
preoperative localization of ACs and VT foci. 


30 
SURGICAL CLOSURE OF THE TRICUSPID VALVE FOR 


PULMONARY ATRESIA WITH INTACT VENTRICULAR 


SEPTUM AND LARGE RV-CORONARY ARTERY 
SINUSOIDS. J Deane Waldman FAAP*, John J Lamberti, 
Robert B Karp, David G Ruschhaupt FAAP, Stuart 
Berger FAAP, Brojendra Agarwala FAAP. Sections of 
Pediatric Cardiology and Cardiovascular Surgery, 
University of Chicago, Chicago, lf and Children's 
Hospital of San Diego, San Diego, Ca. 


in pulmonary atresia with intact ventricular septum 
(PAcIVS) and large RV-coronary artery connections 
(sinusoids), decompression of the RV poses a risk of 
coronary steal and therefore ischemia. in 5 patients with 
PAcIVS and sinusoids, the tricuspid valve (TV) was 
closed surgically. Four had a concurrent atrial septec- 
tomy and shunt (systemic-pulmonary in 3 neonates and 
cavo-pulmonary in 1 infant). Four survived. Before TV 
closure, three had ST/T wave ECG changes suggestive of 
ischemia; these resolved after surgery. Angiography 
after TV closure showed no RV filling and normal 
coronary arteries. Echocardiography showed a residual 
RV cavity without significant change in volume over — 
3-4 years’ follow-up. Two have had a Fontan operation — 
with one death from dysrhythmia. Two are well after. 
cavo-pulmonary shunt. We believe that the optimal 
approach for patients with PAcIVS and sinusoids is: 
a) neonatal cardiac cath for evaluation of sinusoids and — 


- balloon septostomy, followed by b) a 4 mm Goretex 


systemic-pulmonary shunt, ¢) repeat cardiac cat 


4-6 months of age and if sinusoids. still large, 
= 4) TV closure with cavo-pulmonary shunt; 
oooi o @) modified. Fontan operation at 2-4 years. of a 





SURFACE POTENTIAL MAPPING. JEROME LIEBMAN 


a Ayers, Jo! na i 
AAP. Steve Cyran FAAP, & Barry Baylen F 


jepartment of Pediatries & Surgery, Milton S Hershey 


Medical Center, Pennsylvania State University 


. The Fontan operation and its modifications | MFO) — a 
remain the final definitive procedure for many patients 


pts) with complex congenital heart disease. Many 
eries report age <4 years a risk factor for increased 
mortality. Successful outcome in children < 2 yrs is 
rare. We have performed the MFO in 12 consecutive 
is < 2 yrs of age (mean 18 months, range 7-24 
months) with no early mortality. Preoperative anatomy 
-was tricuspid atresia (2), left heart hypoplasia (4), 
-single ventricle (4) & complex DORV (2). Nine of 12 
(75%) required a palliative shunt prior to MFO. All pts 
‘had sinus rhythm preoperatively. Eight (67%) 
leveloped immediate postoperative (postop) 
rthythmias (supraventricular tachycardia (3), 
“junctional rhythm (5)). Mean duration of hospitalization 
was 23 days (range 11-43 days). Postop recurrent 
~plueral effusions occurred in 7 (58%). There was 1 late 
‘death (8%) 6 months: postop in a pt who suffered 
-severe neurologic injury at surgery. The 11 survivors 
(mean followupe 9 months, range 5-17 months) are all 
-NYHA Functional Class |. One has a mild neurologic 
deficit. Only 2 pts (17%) have late postop arrhythmias 
(junctional rhythm (1), supraventricular 
- fachycardia/junctional rhythm (1)). None require 
< pacemaker therapy. Thus age < 2 yrs was not a risk 
factor for increased mortality or morbidity. Earlier MFO 
avoids chronic hypoxemia & ventricular volume 
overload associated with multiple/chronic shunt 
‘palliation. Consequently we advocate MFO at < 2 yrs 
which may preserve ventricular function and provide a 
superior resuit. 
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- RIGHT VENTRICULAR HYPERTROPHY MANY YEARS 
“AFTER SURGERY FOR COARCTION OF THE AORTA, 
DIAGNOSED WITH ELECTROCARDIOGRAPHIC BODY , 
= FAAP, CECIL THOMAS, RENNIE FRAENKEL, GIORA 

~c C BEN-SHACHAR FAAP, YORAM RUDY, CASE WESTERN 
-. RESERVE UNIVERSITY, SCHOOL OF MEDICINE, 

CLEVELAND, OHIO 


© Patients with coarctation of the aorta who 
ad had surgery in the remote past are often 
agnosed on standard ECG as having partial 
~ RBBB, Twenty-two patients had body surface 
potential mapping (BSPM) with a 180 electrode 
osystem, of whom 5 had additional aortic 
‘Stenosis and none kad ever had intracardiac 
‘communication. The average age of the BSPM 
‘was 13.5 years and average of the initial 
surgery for coarctation was 4.2 years. In ten 
of the 22 cases, congestive heart failure had 
en present in infancy. Cardiac catheteriza- 
tion was performed near the time of the BSPM in 
Ll and only one, (40mmHg), had elevation of 
‘ight ventricular pressure. Every case had 
‘evidence for epicardial right ventricular 
eakthrough on the BSPM, a finding believed 
o indicate right ventricular activation from 
ndocardium to epicardium via the normal 
urkin je system, so that RBBB was not present. 
with terminal right conduction delay was 
t in 17 (9 with additional LVH} and LVH 
esent in 5. RVH could be considered 
tandard ECG in 7, and Frank system VCG 
the.17. The reason for the 
ectrocardiographic RVH may be 
br. hyperplasia in utero which 


: sen 
erived free radicals ° aoautate 4 


somotion, isolated rings of. 


porcine pulmonary artery were placed in 


gan chambers filled with physiologic bu 
and exposed to increasing concentrations. 


| oxygen derived free radicals generated b 


xanthine and xanthine oxidase. At. basal 


tension, oxygen-derived free radical 
caused smal] concentration-depende 


endothelium-independent contractions wh 
were prevented by supercxide dismut. 
(S00), SOD plus catalase, SOD plus dimeth 
sulfoxide. (DMSO) . and indomethacin; super 
oxide anion is implicated as the effector. 

In rings contracted with histamine, oxygen 
derived free radicals caused endothelium-. 
dependent relaxations under control condi- 
tions and in the presence of SOD. No change 


in tension was observed in the presence gp E 


SOD plus catalase or SOD plus DMSO, im- 
plicating hydrogen peroxide as the agonist 
causing relaxation. Rings with endothelium 
relaxed to acetylcholine following exposure 
to oxygen derived free radicals indicating 


an intact endothelial layer. These data. a i 
suggest that oxygen derived free radicals = 


can cause both contraction and relaxation; 


and may, in part, explain the changes. - cs 


pulmonary vasomotion to hyperoxia. 
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RAPID, NEAR TOTAL "FADE" OF THE CHRONOTROPIC 
RESPONSE DURING VAGAL STIMULATION IN THE NEW- 
BORN CANINE - EVIDENCE FOR A PROMINENT NEURO~ 
PEPTIDE - Y EFFECT. Shirou Yamasaki, Adrienne 
Stolfi, Madeleen 5. Mas, Lawrence S, Fox, Arthur 
S., Pickoff* Tulane University School of Medicine, 


Department of Pediatrics, New Orleans, Louisiana. 
Prompted by an inability to maintain stable... 


responses to vagal stimulation (VS) in the newe: 
born, we evaluated the time-cependent changes in 
sinus cycle length (SCL) in 7 anesthetized new~. 
born canines, ages 4-l0days, during 30 second 
trains of VS (8 Hz), delivered every 2 minutes to 
the right cervical vago~sympathetic trunk (a 
nerve with predominantly parasympathetic and 
some sympathetic fibers).The first 30 second - 
train prolonged SCL by 58+ 35%, but during sub- 
sequent trains the response faded (99% attenu= 
ation after only 6.411.7 trains). Recovery o: 
the chronotropic response was complete by 40 
minutes after cessation of VS. Post-receptor 
desensitization was excluded as a mechanism. of 
fade by. demonstrating a preserved response to ` | 
exogenous acetylcholine (50-100 ug/kg TV). Neuro- ae 
peptide~Y, a non-adrenergic sympathetic co- — 
transmitter with known autonomic inhibitory. . 
effects, was administered (50 ug/kg IV) to 6 other 
neonates and resulted in a immediate loss of © 
response to VS with a time course of recovery 
similar to that observed for fade. caused by. V 
Furthermore, in 6 chemically s e epee 
newborns (6-OH dopamine, 50 mg/kg IP x 3 days, 
tyramine veri: ) stable chronotropic respon 


were observed 


clude that 1) Neur pepe e-Y {s a 
ne ic vagal. Lapeer in the g; neona 





PRODUCTION IN THE IMMATU 


Die J 7 ba 


\TURE RABBIT HEART, G. Paul Matherne 


AP’, John P. Headrick PhD, Robert M. Berne 
niv. of Virginia Sch. of Medicine, Depts. of 
; and Physiology, Charlottesville, VA. 


inks between metabolism and myocardial — 


iosine (ADO) production and function in. the 

ig heart were studied with graded ischemia in 

mmature (IM) and mature (M) rabbit hearts. 

‘olumic hearts were perfused at rates of 8, 6, 4, 2, and 

n/g. "P NMR spectroscopy was used to measure 

in the phosphorylation potential (CrP/Pi). 

_ effluent was collected to measure ADO 

ntration. Coronary vascular resistance (R), the first 

tive of left ventricular pressure (dP/dt) and double 
HR*LVP) were also measured. . i 


R, dP/dT, double product, ADO levels, and 
were all lower in IM under basal conditions. 
teductions in flow caused similar decreases in 
d double product in IM and M but R was 


ed more in IM at all reductions in flow. ADO 


evels increased with reductions in flow in both IM and M 
and correlated with both R and CrP/Pi. Myocardial 
function (dP/dT and double product) correlated well with 
-= CrP/Pi in M but only the lowest levels of function were 
associated with lower CrP/Pi in IM. 
Conclusion: ADO production appears to be related to 
-CrP/Pi in both IM and M hearts. Changes in CrP/Pi 

correlated with function in M but not IM suggesting 

developmental differences in the link between metabolism 
and function in IM and M hearts. 


CAMP-MEDIATED CARDIOMYOCYTE HYPERTROPHY 
REQUIRES EXCITATION-CONTRACTION COUPLING. 
Thomas R. Lloyd, MD FAAP and Farshad. Shirazi, Dept. 


of Pediatrics, The University of Arizona. 


~. Agents which activate adenylate cyclase, such as B 
agonists and forskolin (Fk), have recently been shown to 
Cause protein accumulation in cultured ventricular 
yocytes. However, cell tension is also a powerful 
ertrophic stimulus. We hypothesized that cAMP- 
nediated hypertrophy could be explained by increased 
| tension during contractions because of the inotropic 
ffect of cAMP. To separate contraction-dependent from 
contraction-independent effects of cAMP, newborn rat 
‘tricular myocyte cultures were treated with 10-6 M Fk, 
0-6 M nifedipine (Nf), with both drugs (Fk+NF), or 

rug vehicle alone (controls). All culture media 

ided 15% horse serum, which induces cells to 
ract spontaneously. Spontaneous contractions, 

on in control and Fk cultures, were >90% 
upressed in Nf and Fk+Nf cultures. By video motion 
is, contraction amplitude in Fk cultures was 171 + 

SEM) of controls (p<0.05). After 48 hours of drug 
xposure, cells were harvested from culture dishes by 
f trypsin exposure, washed with protein-free buffer 

y fepeated centrifugation, and counted by 
emacytometer. Protein was measured by dye-binding 
assay. Cell protein content was significantly higher in Fk 
ultures than control (792 + 169.vs. 508 + 85 pg/cell, p < 
but in the presence of Nf, Fk had no effect (Fk+Nf 

93:-vs. Nf 575 + 123 pg/cell).. We conclude that the 

ive inotropic effect of cAMP results in cell 


INCTION AND FATTY ACID OXIDATION IN 
IG HEART SUBJECTED TO HYPOXIA AND 


" REOXYGENAT ON. Robert J. Ascuitto*, Nancy T. Ross- 


Ascuitto, David Ramage, Kathleen H. McDonough. 


‘Tulane and Louisiana State University Schools of 


Medicine, Depts. of Pediatrics and Physiology, New 
Orleans, LA,” 

‘Fatty acids (FA)have been implicated in hypo- 
xic myocardial injury. However, there are no 
studies on FA utilization by neonatal hearts, 


during hypoxia or reoxygenation. We studied iso- 


8), l2hr to.2d of age, perfused with an erythro- 
cyte~enriched buffer (Hct~152), containing glu- 
cose, lactate and palmitate. Each heart was 
perfused (60 mmHg) during three consecutive 30min 
periodsicontrol, [02]4%7.7vol2; 

volZ% (1O0ZHb Sat) and reoxy 


lated, isovolumically-beating piglet hearts (N= 


cular peak systolic pressure (PSP), end diastolic 


pressure (EDP), coronary flow (CF), myocardial 02 
consumption (MV02)and FA oxidation (FAOx) were 
measured. FAOx was determined by 14CQ2 release 
from 14C~palmitate, Early in hypoxia, CF in- 
creased 3-4 fold but then decreased. During hypo- 
xia, hearts released lactate and, despite mech- 
anical failure (PSP~5é6nmHg and EDP- 17mmHg), 
continued to oxidize FA (50% of MVO2). After 30 
min. of reoxygenation (RE-OX), PSP was depressed, 
EDP elevated and MVO? was similar to control. 
However, FAOx was 120% above control. Thus, neo- 
natal pig hearts exhibit mechanical failure,yet 
continue to oxidize FA during severe hypoxia. 
Moreover, despite depressed mechanical function 
and reduced MVO2, FAOx was enhanced post~aypoxia 
Theoretically, the enhanced FAOx may result in 
inefficient 02 use when ATP is being restored. 
CONTROL END-HYPOX  RE~OX 
PSP mmHg 102.542.5 56,422.8 61.34+2.7 
EDP mmHg 1.610.2 17.142.1 5.641.7 
CF ml/min/g 3.30.1 4.820.8 2.620.3 
MVO? ul/min/g 60.1ż1.5 21.722.3 52.0Ł0.7 
FAOx nmol/min/g 33,.841.3 22.843.7 74.242.6 


CHRONIC HYPOXIA INCREASES CORONARY VASODILATOR 
CAPACITY OF DEVELOPING RABBITS 
serard Holmes* and Michael L. Epstein FAAP 
Dept. of Pediatrics, University of Florida 

We have previously demonstrated increased 
maximum coronary vasodilator response to 
adenosine in young rabbits raised in hypoxia. _ 
To further test the effect of early development 
in hypoxia on capacity for coronary perfusion, 
coronary vasodilator response to two additional 
stimuli, 90 sec. flow occlusion (R) and 
nitroprusside (N), were studied in isolated, 
unloaded, constant pressure perfused hearts of 
hypoxic (HX) (raised in PO2"60 Torr from age 3 
days) and normoxic (NX) rabbits at age 5 weeks. 
Regional flow at maximum vasodilation due to N 
was measured using microspheres. HX rabbits 
developed moderate RVH and elevated hematocrit 
but not LVH or heart failure. Values (MeantSEM) 
for peak flow responses ure as follows: 


o R), 
Total 
11.8(6) | 10.2(9) 10.5(9) 10.7) 
40.5 +029 H4 
12.6(8)* 14.4(8)* 14.6{8)* 
+1.2 +1.2 +1.5 ties. 
(**increased from NX -Student's T Test ,p#.05) 
These results show that waximum vasodilator. 
responses to R and N are also increased im HX _ 
rabbits. Increased maximum vasodilator response 
to three different stimuli suggests morpholo 
alteration in the coronary vascular bedi 


than changes in receptors. Thus, morpholo 
vascular alteration may be important to 
vation of developing animals to moderate 


y improving coronary perfusion capaci 





















e etal presenta fascinating i inves- 













. the trial pressures do not seem to vary 


some of my own catheterization traces 
ports. this. At bedside the neck veins 
pear: not to. A normally 












} breathing. In any case, pressure 
j studie in the jugular veins in such pa- 
vould be of considerable interest for 
‘clinical diagnosis as well as for hemody- 
namic comparison with atrial physiology. 
_. Falso wish to support the authors’ hy- 
‘pothesis that during inspiration the effect 
of increased transmural pressure on left 
ventricular systolic wail stress (afterload) 
<- “may theoretically be attenuated” by the 
> increased wall thickness due to the in- 
flammatory process and scar tissue. In 
constrictive pericarditis we reported a 
normal control level of atrial natriuretic 
ae peptide (ANP) despite marked atrial hy- 
- pertension; the ANP tevel markedly in- 
creased immediately after pericardiec- 
tomy. This indicates that attenuation of 
<- transmural pressure changes by constrict- 
ing tissue is more than theoretic. (The sig- 
nificance of transmural pressure,” ac- 
counting for atrial stretch, is equally sup- 
ported by reports of a comparable ANP 
increase immediately upon drainage of 
. tamponading pericardial! effusion; of 
> course, Kussmaul’s sign is not seen in tam- 
; ~ _ponade:?) Meyer et al’ make significant 
~ contributions to our understanding of this 
-fascinating phenomenon. It should lead to 
‘further investigations, and include the 
other conditions in which Kussmaul’s sign 
appears to occur. 
























































David H. Spodick, MD, DSt 
Worcester, Massachusetts 
15 November 1989 


oe A Meyer TE, Saveli P, Marcus RH, Pocock W, 
-Berk MR, MacGregor M, Mechanism underly- 
_ing Kussmaul’s sign in chronic constrictive peri- 
carditis. Am J Cardiol 1989,64:1069-107 2. 
"2. Spodick DH. Kussmaul’s sign. N Engl J 
Med 1975;293:1047-1048. 

3. Wolozin M, Arfola FV, Spodick DH, Seifter 
JL. Release of ANP after pericardiectomy for 
- chronic constrictive pericarditis. Am J Cardiol 

88,62: "1323-1325. 

4 Spodick DH. Low atrial natriuretic factor 
and ‘absent pulmonary edema in pericardial 
compression of the heart. Am J Cardiol 
—1989;63:1271~-1272. 
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| be submitted. 


ents with constrictive par -valve 
observed tkat during ebar 19842. 
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< much in constriction. Indeed, a review of | 
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of bicuspid a í 
lapse became Tingeened i 
quency since the introduction of echocar- 
diography into clinical medicine? Unfor- 


tunately, echocardiography also leads to 


overdiagnosis and unnecessary concern in 


many instances. Since mitral valve Pro. 


lapse is such a prevalent condition 


throughout the world,’ it has to be a be- 


nign condition in most instances unless 
certain complications occur.°~’ 

Thus, “the echocardiogram will con- 
tinue to detect abnormalities in the heart 
that at the time cause no trouble. As a 
consequence, this instrument at times will 
produce worry and concern in both pa- 
tient and physician.”' Persons can cer- 
tainly not only live with mitral valve pro- 
lapse but also be living and well. 

Tsung O. Cheng, mo 
Washington, DC 
15 December 1989 


1. Roberts WC. Living with a congenitally bi- 
cuspid aortic valve. Am J Cardiol 1989;64: 
1408-1409. 

2. Roberts WC. The two most common congen- 
ital heart diseases. Ant J Cardiol 1984 ;53:1198. 
3. Cheng TO. Mitral valve prolapse: an over- 
view. J Cardiol 1989;1¢( suppl XX1):3-20. 

4. Cheng TO, Barlow JB. Mitral leaflet billow- 
ing and prolapse: its prevalence around the 
world. Angiology 1989;40:77-87, 

§. Barlow JB. Cheng TO. Mitral valve billow- 
ing and prolapse. In: Cheng TO, ed. The Inter- 
national Textbook of Cardiology. New York: 
Pergamon Press, 1987:497-524. 

6. Cheng TO. Mitral valve prolapse. Dis Mon 
1987 33:48 1-534. 


7. Cheng TO. Mitral valve prolapse. Annu Rev 


Med 1989;40:201-211. 


Exercise Testing for Right _ 
Ventricular Ischemia 


Reference is made to the article by 


Chouhan et al entitled “Utility of Lead 


VaR in Exercise Testing for Detection of 
Coronary Artery Disease.” The authors 


were apparently unaware of our study? of - 


the same subject. In our study the right 
precordium was explored using ViR as 
well as V4R. The sensitivity of significant 


exercise induced ST deviation in both — 
Í disability. and death. 


was 61.9% (compared to 32% using only ` 


VoR and V4R for right coronary disease 


V.R in the study of Chouhan et al), and 
the specificity was 80% (compared to 88% 


in the study of Chouhan et al). In addi- 

tion, in 4 patients exercise-induced ST- 4.) 

segment abnormality was found only’ in ed Sta New 
; | pnt 20-1 990. 


lead mere 


ing for detection of arte 
958-939, 


Noninvasive Cardiol 1988;2:355-368, ee 


Navy messes both ashore and afl 


tation, however, may, requ irea 


-practices will lead to high costs in disease 
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in specificity. | 
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Law 


The need to reduce fat and thölesterol oe 
in the American diet is now obvious. The 
diet recommendations made by the Na- 
tional Heart, Lung, and Blood Institute 
consensus panel represent a prudent first > 
step for the general population. Although 
much effort is now being spent on public —— 
education, physicians are also challenged ae 
to identify institutional practices, occa-. 
sionally written into law, that perpetuate 
an unhealthy intake of fat and cholesterol. 

The Navy Ration Law found in Title 
10, United States Code, Section 6082; 
traces its roots to an Act passed by the 
Third Congress on March 27, 1792.' This. 
law provided that on Wednesdays sailors o 
were to receive 2 ounces of butter in their = 
daily ration. Although the Navy Ration 
Law was amended over the years, the last 
time in 1933, it still provides each sailor 
“one and six-tenths ounces of butter.” 
This law has been interpreted by the Navy 
to prohibit the purchase of margarine for- 
































While we can appreciate the Third Con 
gress’ concern for the menu of a sloop of 
war, this hoary proscription against low- 
fat and low-cholesterol margarine is cer- 
tainly counter to the health of the men and ‘ 
women of today’s Navy. e? 
Our concerns are shared by higher 
thority. Efforts are underway to bring 
to Congressional attention. Needed I 
-a heightened 
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ctims? 


Mixed hyper rlipidemias—elevated cholesterol and 
tigiycer des—are common among heart attack 
v_ctims,' and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 


had a low (<35 mg/dL) baseline level of HDL 
cholesterol 2 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 
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Role of Left Ventricular Dysfunction in Selective 
-Neurohumoral Activation in the Recovery Phase of 

_ Anterior Wall Acute Myocardial Infarction 

os Douglas E. Vaughan, Gervasio A. Lamas, and Marc A. Pfeffer 






ee In. this study, the neurohumoral profiles of 36 asymptomatic 
: patients in the early convalescent phase after acute myocardial 
infarction were examined. All patients in the study had a ra- 
_ dionuclide ejection fraction <45% and underwent cardiac 
- catheterization 11 to 30 days after infarction. Activation of the 
<> < renin-angiotensin-aldosterone system can be identified in he- 
. modynamically compensated postinfarction patients not taking 
‘diuretics and appears to be related to the extent of left ventric- 
ular dysfunction. 































EIJ ha N 
Prevalence, Incidence and Prognosis of Recognized and 
Unrecognized Myocardial Infarction in Persons Aged 
75 Years or Older: The Bronx Aging Study 

Jeremy Nadelmann, William H. Frishman, Wee Lock Ooi, 
David Tepper, Steven Greenberg, Howard Guzik, Eliot J. 
Lazar, Mark Heiman, and Miriam Aronson 


We assessed the prevalence, incidence and prognosis of recog- 
nized and unrecognized Q-wave myocardial infarcticn in a co- 
hort of 390 non-demented, “old old” subjects without termina! 
disease at entry. Old old subjects with prior evidence of MI, 
irrespective of presentation, have a worse outcome compared 
with those having no evidence of MI. 


es Randomized Controlled Trial of Late In-Hospital 
FR aphy and Angioplasty Versus Conservative 





| Hi Barbi Shemuel Rath, Yedahel Har Zahav, Gad 
gen Motro, Amir Shachar, Arnel Basan, Oren 









dred and one patients with acute myocardial infarc- 
ndomized to the invasive group (97 patients) with 
ary ‘angiography and angioplasty 5 + 2 days after 
therapy or to the conservative group (104 pa- 
giography only for recurrent postinfarction or 
d ischemia, In the invasive group, 92 patients 



























underwent angiography, 49 ee and 11 -coron: 
tery bypass surgery, and in the conservative group, 40 patie 
had early ischemia, 39 underwent angiography, 20 

and 4 coronary artery bypass surgery. Our data indicate 
conservative treatment is preferable to invasive trea ment, 
when cardiac catheterization: is delayed. Be ' 





EARED METIE ofa ORY Sane RAL 
Hospital Discharge for Initial Acute Myocardial — 
Infarction in the Framingham Cohort = oe 
Michael G. Jones, Keaven M; Anderson, Peter W. F. Wilson, 
William B. Kannel, Nancy B. Wagner, and Galen $. Wagner 












We assessed the prognostic value of AMI size as estimated by 
the Selvester QRS score in 243 patients with an initial AMI __ 
from the original Framingham Heart Study cohort. Identifica- 
tion of AMI survivors at high risk for subsequent mortality can 
be improved by routine blood pressure measurement before 
AMI, and by QRS scoring of the electrocardiogram taken at t a 
the time of AMI hospital discharge. Ae 


551 o 
Exercise Treadmill Test and Orai o 


Receiving Thrombolytic Therapy for Acute Q-Wave ene 
Myocardial Infarction 

Avanindra Jain, Rachelle R. Hicks, Diane M. Frantz, G. 
Hunter Myers, and Matthew W. Rowe 2 


In 46 patients who received thrombolytic therapy for acute Q- eee 
wave myocardial infarction, we performed early symptom-lim- __ 
ited exercise stress tests and thallium-201 tomography using - 
oral dipyridamole without complications. Thallium tomogra- i 
phy identified more patients with ischemia; therefore, it maj 
be superior for the identification of high-risk patients. 





pale of coronary goliato aid 
ties. MCE may provide a meas 
which may reflect the te 
angiographic gading- ; 














ragel, Shanthasundeti G. Reddy, Janet T. Wittes, 
am C. Roberts 


atientts with isolated unstable angina pectoris with pain 
studied coronary artery plaque morphology in 354 
segments of the 4 major epicardial coronary arteries. 

r ee ei of plaque in patients with unstable angi- 


YTI aa AND CONDUCTION DISTURBANCES 


lation of Peri-Infarction Block to Ventricular Late 
in Patients with Inferior Wall Myocardial 


Nancy C. Flowers, Leo G. Horan, Anita C. Wylds, Wynne 
Crawford, Marandapalli R. Sridharan, C. Paige Horan, and 
andra F, Cliff 


le obtained signal-averaged electrocardiograms on 70 pa- 
tients with inferior wall myocardial infarction, divided into 
those with (23) and those without (47) pert-infarction block. 


: The incidence of late potentials combined with ventricular ar- 


in patients with peri-infarction block suggests that 


he presence of the peri-infarction block pattern on the surface 


~ _electrocardiogram may provide another marker for identifying 
-persons at increased risk for sustained ventricular arrhythmias 
se beequent to myocardial infarction. 


Mark A. Wood, Kenneth A. Ellenbogen, Ketan Kapadia, Bin 
Lu, a and Harry Valenta 


We measured right ventricular impedance, RV pulse pressure, 
maximal systolic RV dP/dt and cycle length before, during 
: and after 27 episodes of ventricular tachyarrhythmias induced 
-in 17 patients. Hemodynamic parameters such as RV pulse 
pressure and impedance may be useful in future implantable 
antitachycardiac devices for discriminating hemodynamically 
tible from unstable ventricular tachycardia. 


decchia, Glsepoe Schillaci, Francesca Boldrini, 
o Guerrieri, Camillo Gatteschi, Guglielmo Benemio, 
arlo. Porcellati 


ndred sixty-five untreated hypertensive patients were 
J according to the difference between their observed 
predicted average 24-hour ambulatory blood pres- 
(the latter assessed by regressing the observed ambu- 

n the casual BP.) Compared to those with lower 
cted ambulatory BP (£10 mm Hg for systolic and 


BP), patients with higher than pre- 
-Hg for systolic and 26 mm- 


alues of left ventricular mass 


pevnty 6 o P < <0. ol D, van 


bly higher 
| oredict fan clinical BP ndings are at hi 


hypertrophy, an independent prognostic marker. z 


(Metoprolol 
Philip A. Ades, Peter G. S. Gunther, William L. Meyer, Thomas 
C. Gibson, John Maddalena, and Thomas Orfeo 


We studied 30 hypertensive adults who entered an exercise 
program taking either placebo, metoprolol or propanolol. The- 


placebo group increased aerobic capacity 24% with minimal — 


changes in cardiac size and function. The group taking meto- 


prolol increased VO,max 8% and reduced resting blood pres- : 
sure and total systemic resistance, whereas those taking propa- = 


nolol had no increase in VOomax, no decrease in resting blood - 


pressure and no cardiovascular or peripheral adaptations to the — a 


exercise program. 


597 ENEE AERAR ere NAN EALE AEAEE 
Pattern of Peripheral Venous Response to Vokime 

in Borderline Systemic 
Claudio Borghi, Stefano Boschi, Francesco Vittorio Costa, 
and Ettore Ambrosioni 


The hemodynamic and humoral effects of acute intravenous 
sodium chloride loading was studied in a group of 25 border- 
line hypertensive patients with a different pattern of baseline 
venous distensibility (VV30). Results of this study suggest the 
ability of acute volume expansion to decrease peripheral ve- 
nous distensibility in borderline hypertensive patients. The ex- 
tent of vasoconstrictive response is related to the increase in 
plasma levels of an endogenous sodium: jon/potassium ion 
adenosine triphosphatase inhibitor. 


CONGESTIVE HEART FAILURE 


603 ae Go ace 
Usefulness of Bucindolol in Congestive Heart Failure 
Stewart G. Pollock, John Lystash, Christine Tedesco, George 
Craddock, and Mark L. Smucker 


To determine whether bucindolol is an effective treatment for 
congestive heart failure, 19 patients with CHF were random- 
ized to bucindolol (n = 12) or placebo (n = 7) in a double- 
blind protocol. With active treatment, exercise time, question- 
naire score, ejection fraction, cardiac output and systemic vas- 
cular resistance significantly improved; no effect was seen in 
the placebo group. Thus, bucindolol is an effective treatment 


for CHF and its nonadrenergic vasodilation may be an impor- : 


tant feature. 


Failure of Captopril to Prevent Nitrate Tolerance in 
Congestive Heart Failure Secondary to Coronary 
Artery Disease 3 
Nader Dakak, Nabeel Makhoul, Moshe Y. Flugelman, Amnon 
Merdler, Habib Shehadeh, Adam Schneeweiss, David A. a 
Halon, and Basil S. Lewis 


What is the role of angiotensin-converting enzyme inhibition 
preventing or minimizing tolerance to intravenous 
in in severe congestive heart failure? We quantit 
gree of tolerance in 12 patients receiving: nitrogly 


1) and in 9 patients ( (grou g nitrog 
gurrent treatment with i captopril (0: 291 























istration of captopril, indicating 


engt Wanne | Per f Ask, and Dan Loyd 





This: study summarizes 2 different theoretical models that ana- 
yze factors influencing the transmitral pressure gradient half- 
time. Both models predict that half-time is influenced not only 
“by valve area, but also by initial maximal pressure gradient 
and by flow. Different clinical situations in which the half-time 
method does not work are analyzed in terms of the 2 models. 


ne 621 A AE IEE LAEE I EAEL DEL I EEANN EEEN 
-Evaluation of Mitral Regurgitation by Cine Magnetic 
Resonance Imaging 
Gerard Aurigemma, Nathaniel Reichek, Mark Schiebler, and 
Leon Axel 


We used cine magnetic resonance imaging to assess mitral 
regurgitation in 40 patients with coronary and/or valvular dis- 
ease and.10 normal subjects and compared results to pulsed {n 
= 30) or color flow Doppler mapping (n= 20). Planar analysis 
of cine MRI in patients with MR of varying severity gaye 
results that were similar to Doppler echocardiography. At 
present, for routine clinical assessment of MR, the benefits of 
cine MRI may be limited to patients in whom transthoracic 
Doppler echocardiography is inadequate. 




































CARDIOMYOPATHY 

627 
Genetic Evidence of Dissociation (Generational Skips) 

of Electrical from Morphologic Forms of Hypertrophic 


Cardiomyopathy 
Neal D. Epstein, Henry J. Lin, and Lameh Fananapazir 


We studied 5 adult subjects in 4 families who are obligate or 
highly probable carriers of the hypertrophic cardiomyopathy 
gene by virtue of their position in the pedigree, but who have 

normal echocardiographic findings. Data indicate that the 

spectrum of HC includes persons who have a potentially arr- 
hythmogenic left ventricular substrate but who have no evi- 
dence of left ventricular hypertrophy; “generational skips” also 
È ply: thats some instances of HC may be familial. 
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bundle delay in the transplant recipi 
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Etfects of Bepridil and CERM 4205 TORG 
Duration in Healthy Volunteers i 

Brigitte Lecocq, Vincent Lecocq, Pierre-Louis Prost, Odile 
Fleurot, Pierre Boisson, and Patrice Jaillon toe 


This study compared the effects of bepridil and CE RM 420° 
on the QT-RR relation at different heart rates during rest anc 
exercise and the results of pharmacologic tests designed to va 
neurovegetative tone. Only bepridil significantly prolonged QT 3 
duration, and the bepridil-induced prolongation of the QT in- 
terval was rate-dependent and increased at slow heart rates, 
which could explain the greater incidence cid torsades de 3 
pointes in sinus bradycardia. SEs 
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642 

Are Electrophysiologic Studies Indicated in 
Nonsustained Ventricular Tachycardia? 


isaac Wiener, Wiliam Stevenson, James Weiss, and 
Koonlawee Nadamanee 





BRIEF REPORTS 


645 
Effect of Left Ventricular Ejection Fraction re 
Malfunctioning St. Jude Medical Prosthesis in the 

Aortic Valve Position 

Jian-Fang Ren, Gary $. Mintz, Krishnaswamy 

Chandrasekaran, John J. Ross, Jr, Ronald S. Pennock, and 
Wiliam S. Franki 


Analysis of Heart Rate Changes in Cardiac Tra splat 
Recipients Related to Graft R : 
Gottfried Heinz, Günther Laufer, Thomas Ohner, Slobod: 
Gasic, and Axel -Laczkovics | ; 
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CORONARY ARTERY DISEASE 


Role of Left Ventricular Dysfunction i in Selective 
Activation in the Recovery Phase of Anterior Wall 
Acute Myocardial Infarction 
Douglas E. Vaughan, Gervasio A. Lamas, and Marc A. Pfeffer 


































Neurohumoral activation is readily apparent in patients with symptomatic l 
congestive heart failure and in the acute phase after acute myocardial 
infarction. In this study, the neurohumoral profiles of 36 asymptomatic 
patients in the early convalescent phase after acute myocardial infarction 
were examined. All patients in the study had a radionuclide ejection 
fraction <45% and underwent cardiac catheterization 11 to 30 days after 
infarction. Despite the reduced ejection fraction and extensive wall motion 
abnormalities, plasma norepinephrine was not elevated and did not corre- 
late with any measured hemodynamic, angiographic or clinical variables. 
The renin-angiotensin I-aldosterone system was activated, as expected, in 
the 9 study patients receiving loop diuretics. However, even in the. 27 
patients not receiving diuretics, plasma angiotensin II levels and plasma 
renin activity levels were increased in relation to Killip classification, the 
presence of a left ventricular aneurysm and the left ventricular ejection 
fraction. Activation of the renin-angiotensin-aldosterone systern can be 
identifed in hemodynamically compensated postinfarction patients not 
taking diuretics. This activation appears to be related to the extent of left 
ventricular dysfunction. 









533 
Prevalence, Incidence and Prognosis of Recognized and eo 
Unrecognized Myocardial Infarction in Persons Aged 75 Years ae 
or Older: The Bronx Aging Study S 
Jeremy Nadelmann, Wiliam H. Frishman, Wee Lock Ooi, David Tepper, 
Steven Greenberg, Howard Guzik, Eliot J. Lazar, Mark Heiman, and 
Miriam Aronson 





The prevalence, incidence and prognosis of recognized and unrecignined E eea 
pA PEP infarction a were assessed 1 ina cohort tof 90. non: 
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of Early Exercise Treadmill Test and Oral 


Dipyridamole Thallium-201 Tomography for the Identification _ 
‘Jeopardized Myocardium in Patients Receiving Thrombolytic — 
py for Acute Q-Wave Myocardial Infarction ss 
Avanindra Jain, Rachelle R. Hicks, Diane M. Frantz, G. Hunter Myers, and 
Matthew W. Rowe : | 


We performed early symptom-limited exercise stress tests and thallium- 
201 tomography using oral dipyridamole in 46 patients who received 
thrombolytic therapy for acute Q-wave myocardial infarction. There were 
no complications during either study. During exercise stress test, 13 pa- 
tients had a positive response and 10 additional patients had angina. After 
dipyridamole 34 patients had evidence for ischemia. Thus, functional tests 
were performed without complications early after myocardial infarction. 
Thallium tomography identified more patients with ischemia; therefore, it 
may be superior for the identification of high-risk patients. 
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Coronary Collaterals Assessed with Myocardial Contrast 
Echocardiography in Healed Myocardial Infarction 

Young-Jae Lim, Shinsuke Nanto, Tohru Masuyama, Kazuhisa Kodama, 
Akio Kohama, Akira Kitabatake, and Takenobu Kamada 


Myocardial contrast echocardiography (MCE) was performed to assess 
the coronary collaterals in 29 patients with old myocardial infarction. 
Parameters of MCE were compared with coronary angiographic grades of 
collaterals and left ventricular graphic grades of wall motion abnormali- 
ties. The degree of enhancement of MCE in the infarct area generally 
corresponded to the collateral grades with coronary angiography, How- 
ever, there were a few patients with low enhancement of MCE despite 
good collaterals, which showed severe asynergy. MCE may provide a 
measure of the collateral perfusion, which possibly reflects the activity of 
collaterals better than the angiographic grading. 








oe “with Pain at Rest ADR A o 
Amy H. Kragel, Shanthasundari G. Reddy, Janet T. Wittes, and 
Wiliam C. Roberts 




































In 10 patients with isolated unstable angina pectoris wih pain at rest, we 
studied coronary artery plaque morphology in 354 five-mm segments of 
the 4 major epicardial coronary arteries. The major component of plaque — 
in patients with unstable angina is fibrous tissue. - 






Relation of Peri-Infarction Block to Ventricular Late Potentials | 
in Patients with Inferior Wall Myocardial Infarction 

Nancy C. Flowers, Leo G. Horan, Anita C. Wylds, Wynne Crawford, 3 be 
Marandapalli R. Sridharan, C. Paige Horan, and Sandra F. Cliff eh i 


Seventy patients with inferior wall myocardial infarction were divided into - 
those with (23) and those without (47) peri-infarction block. Signal- 
averaged electrocardiograms were obtained on each patient. There were 
13 instances of sustained ventricular tachycardia, ventricular fibrillation 
or sudden death, 11 of which occurred in the peri-infarction group. Total 
duration of the vectormagnitude complex and the duration of terminal 
potential under 40 uV in the peri-infarction group exceeded that in the 
group without peri-infarction block (p <0.0001 ). The voltage in the last 
40 ms was also significantly less in the peri- -infarction group (p <0.0005). 
The higher incidence of late potentials in the peri-infarction group com- 
bined with the higher incidence of sustained ventricular arrhythmias in the 
same group suggests that the presence of the peri-infarction block pattern — 
on the surface electrocardiogram may provide another marker for identi- 
fying persons at increased risk for sustained ventricular arrhythmias sub- 
sequent to myocardial infarction. 













575 eee 
Comparison of Right Ventricular Impedance, Pulse Pressure 
and Maximal dP/dt for Determination of Hemodynamic | | 
Stability of Ventricular Arrhythmias Associated with Coronary 
Artery Disease 

Mark A. Wood, Kenneth A. Ellenbogen, Ketan Kapadia, Bin Lu, and 

Harry Valenta 








Right ventricular (RY ) impedance, RV pulse pressure, maximal systolic < 
RV dP/dt and cycle length were measured before, during and after 27. 
episodes of ventricular tachyarrhythmias induced in 17 patients. Changes wh 
in these values from baseline levels were compared to changes in mean _ 
and systolic blood pressure accompanying the eye Nv ‘entricula , 
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; s during entricular tachycardia ).05) 
-uct of impedance and RV pulse pressure correlated”) most 
- hemodynamic compromise (r 20.82, p <0.001). Hemodynamic parame 
ters such as RV pulse pressure and impedance may be useful in futur 
implantable antitachycardiac devices for discriminating hemodynamic fee: 

ly stable from unstable ventricular tachycardia. oe 
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583 
Risk Stratification of Left Ventricular Hypertrophy in Systonsie | 
Hypertension Using Noninvasive Ambulatory Blood Pressure 
Monitoring 

Paolo Verdecchia, Giuseppe Schillaci, Francesca Boldrini, Massimo 
Guerrieri, Camillo Gatteschi, Guglielmo Benemio, and Carlo Porcellati 





One hundred sixty-five untreated hypertensive patients were classified wy 
according to the difference between their observed and their predicted n 
average 24-hour ambulatory blood pressure (BP) level (the latter assessed 
by regressing the observed ambulatory BP on the casual BP). Compared 
to those with lower than predicted ambulatory BP (<10 mm Hg for 
systolic and <6 mm Hg for diastolic BP), patients with higher than 
predicted ambulatory BP (210 mm Hg for systolic and 26 mm Hg for 
diastolic BP) had higher values of left ventricular (LV) mass index and 
other indexes of LV hypertrophy (all p <0.01 ), but similar values of casual 
BP. Prevalence of LV hypertrophy was 6 to 10% in the former and 35 to 
39% in the latter patients (p <0.001). None of the echocardiographic 
indexes of LV structure differed between the low ambulatory BP group 
and a control group of 92 healthy subjects. Thus, hypertensive. patients 
whose ambulatory BP readings are notably higher than one would predict 
from clinical BP readings are at highest risk of LV hypertrophy, an 
independent prognostic marker. Noninvasive ambulatory BP monitoring 
identifies a subset of hypertensive patients in whom the routine echocar- _ 
diographic examinaticn of the left ventricle is recommended. 













591 
Cardiac and Skeletal Muscle Adaptations to Training in 
Systemic Hypertension and Effect of Beta Blockade 
(Metoprolol or Propranolol) 

Philip A. Ades, Peter G.S. Gunther, William L. Meyer, Thomas C. Gibson, 
John Maddalena, and Thomas Orfeo 


Cardiovascular and peripheral adaptations to an aerobic conditioning Peat 
program were studied in 30 hypertensive adults taking either placebo, 8 

selective 8-adrenergic blocker (metoprolol) or 6;-nonselective @-adrener- an 
gic blocker (propranclol). The placebo group increased aerobic capacity 
(VO max) by 24% (p <0.002), largely explained by an increased periph- 
eral arteriovenous (A-V) oxygen difference with minimal ct 
diac s size and function. : Resting: blood pressure. and total sy 
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| “Ges or fu unction. 1 The, group a g the e Banoi electi: 
lol did not increase VO-max, did not decrease resting bloo 
had no cardiovascular or peripheral adaptations. Thus, -selec 
8,-nonselective 8 blockers attenuate conditioning in hyperten ive 
to differing degrees by blocking peripheral mechanisms of F cand oning. = 












Pattern of Peripheral Venous Response to Volume Expansion 
in Borderline Systemic Hypertension 
Claudio Borghi, Stefano Boschi, Francesco Vittorio Costa, and 


Ettore Ambrosioni 





The hemodynamic and humoral effects of acute intravenous sodium chlo- 
ride (NaC!) loading was studied in a group of 25 borderline hypertensiv 
patients with a different pattern of baseline venous distensibility (VV30). ; 
Saline infusion elicited a generalized venoconstriction that was enhanced — 
in patients with normal VV30 who also had a sudden increase in plasma. 
levels of an endogenous sodium ion/potassium ion adenosine triphospha~ 
tase (Na+/K+ ATPase) inhibitor and a delayed atrial natriuretic factor 
response and renin suppression. The changes in plasma Nat/K*+ ATPase o 
inhibitory activity in response to NaCl were inversely related to those of = == 
VV30 in patients with normal VV30 (r = —0.49), whereas in the overall 
borderline hypertensive patients, they were not. A slight relation (r = 
—(.42) was found between atrial natriuretic peptide and Nat/K*. 
ATPase inhibitor responses in the whole hypertensive population. It sug- 
gested that acute volume expansion by saline is able to reduce peripheral 

venous distensibility in borderline hypertensive patients by increasing plas- i 

ma levels of an endogenous Na*+/K* ATPase inhibitor whose release is = 
strictly related either to delayed atrial natriuretic peptide stimulation orto : 
sluggish renin suppression. | | 










































CONGESTIVE HEART FAILURE 






603 oe 
Usefulness of Bucindolol in Congestive Heart Failure es 
Stewart G. Pollock, John Lystash, Christine Tedesco, Ges Creddieg 
and Mark L. Smucker 






Bucindolol is a 8 blocker with intrinsic nonadrenergic wasodila io 
may be an effective treatment for congestive heart failure (CHE 
double-blind protocol, 19 patients with CHF were randomized t to { 
lol (n = 12) or placebo (n = 7). With active treatment, exercise time, 
questionnaire score, ejection fraction, cardiac output and systemic vasct 
lar resistance significantly improved. Also, peak exercise pulmonar ye 
lary wedge pressure decreased with treatment. No effect was seen 
placebo group. Thus, bucindolol is an effective treatmen for CHF 
HONAGICHETEIC vasodilation may be an i i poria feai 


































David A. Halon, and Basil S. Lewis ~ 











The possible role of angiotensin-converting enzyme inhibition in prevent- 
ing or minimizing tolerance to intravenous nitroglycerin was examined in 
21 patients with severe congestive heart failure (CHF), by quantitating 
nitrate tolerance in patients receiving and in those not receiving concurrent 
treatment with the angiotensin-converting enzyme inhibitor captopril (60 = 
-+29 mg daily). Intravenous nitroglycerin produced almost identical he- 
modynamic changes in both groups, with a reduction in right atrialand = = > 
pulmonary arterial wedge pressure, an increase in cardiac index and. 
_ decreases in systemic and pulmonary vascular resistance. Nitrate toler- x; 
-ance was calculated for each hemodynamic parameter as the percentage 4 
loss of peak benefit achieved by nitroglycerin. Nitrate tolerance (250% eee 
-< loss of efficacy) developed after 12 to 24 hours in almost identical fashion > 
in a third to two-thirds of patients in both groups. The extent of tolerance 
was unaltered by captopril, indicating that in clinical dosage, counter- 
regulatory neurohumoral mechanisms involving the renin-angiotensin Sys- 
tem appear to be unimportant in the development of nitrate tolerance in 
patients with CHF. The study also showed that considerable hemodynam=- 
ic benefit may be achieved by addition of high doses of nitroglycerin to the - 
management of patients receiving an angiotensin-converting enzyme in- 
hibitor. ee 

































VALVULAR HEART DISEASE 


ct, 
Analysis of Different Methods of Assessing the Stenotic Mitral 
Valve Area with Emphasis on the Pressure Gradient Half-Time 
Concept | 

Bengt Wranne, Per Ask, and Dan Loyd 





There are 2 different theoretical models that analyze factors influencing - 
the transmitral pressure gradient half-time (T, /2); defined as the time _ 

` = needed for the pressure gradient to reach half its initial value. This study. 

~ summarizes the 2 models and the assumptions inherent in them. One 
model includes left heart chamber compliance and the other does not. . 
-Although the models at a superficial glance seem to be contradictory, 

~ conclusions drawn from them are similar; that is, T4 /2 is influenced not- 
~ only by valve area, but also by initial maximal pressure gradient and by 
flow. Different clinical situations in which the T,/2 method. does not 
work are analyzed in terms of the 2 models. Based on this analysis, use of _ 
the continuity equation in these situations is advocated. : 
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_ Resonance Imaging O 


oe Gerard Aurigemma, Nathaniel Reichek, Mark Schiebler, and Leon Axel 


We compared cine magnetic resonance imaging (cine MRI) grading of 
mitral regurgitation (MR) to pulsed or color flow Doppler in 40 patients 
with valvular and/or coronary artery disease and in 10 normal subjects. 
Cine MRI classification was identical to Doppler echocardiography in 42 
of 50 subjects with no differences of >1 grade; there were no false positives 
(sensitivity 94%, specificity 100%). Though cine MRI consistently depict- 
ed smaller flow disturbances than Doppler echocardiography, the cine 
MRI jet area/left atrial area ratio (used to index regurgitation severity) 
~ correlated with pulsed (r = 0.78) and color flow Doppler (r = 0.74). Thus, 
planar analysis of cine MRI in patients with MR of varying severity gave 
results that were similar to Doppler echocardiography. For routine clinical 
assessment of MR, the benefits of cine MRI may be limited to patients in 
whom transthoracic Doppler echocardiography is inadequate. 
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senetic Evidence of Dissociation (Generational Skips) of 
Electrical from Morphologic Forms of Hypertrophic 
Cardiomyopathy 

Neal D. Epstein, Henry J. Lin, and Lameh Fananapazir 


This study is a report of 5 adult subjects in 4 families who are obligate or 
_ highly probable carriers of the hypertrophic cardiomyopathy (HC) gene 

by virtue of their position in the pedigree, but who have normal echocar- 
diographic findings. Four of these 5 subjects have abnormal signal-aver- 
aged electrocardiograms; this suggests the presence of electrical disease 
despite the absence of left ventricular (LV) hypertrophy. The fifth subject, 
an identical twin of a patient with familial HC, has neither LV hypertro- 
phy nor a myocardial electrical abnormality. These data indicate that the — 
spectrum of HC includes persons who have a potentially arrhythmogenic 
_ LV substrate but who have no evidence of LV hypertrophy. The demon- _ 
stration of generational skips also implies that some instances of HC 
previously judged to be sporadic may be familial. | 
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ersol injection 68%) has a significant- 
wer viscosity than either iopamidol- 
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ake a noticeable difference in ease of 
a d injections. 


_OPTIRAY 320 provides overall diag- 
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blood coagulation, in vitro, less than onic contrast media. Clotting 
has been reported when blood remains in contact with syringes 
containing nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is: necessary to minimize 
thromboembolic events. 


References: 

1. Hirshfeld w. Hemodynamic and electrocardiographic effects of 
ioversol during cardiac nes each gomparison with iopamidol and 
diatrizoate. Invest Radiol: 1989:24:138-144, Abstract. 

2. Reagan K, et al. Double-blind study of anew nonionic contrast 
agent for cardiac angiography. Radiology. 1988;167 409-413. 
3. Gomes AS, Baker JB, Mart a etal. Acute renal dysfunc. 
tion after major arteriograph 985: 145-1249-1253. 

4. McAllister SH, Vlietstra RE, Holmes DR, etal. Neohrotoxicityof 
nonionic contrast media: importance of dosage in high-risk patients. 
JAm Coli Cardiol. 1989-13 (suppi-4):47A. 

5. Ralston WH, Robbins MS, Coveney JR, et al, Acute and subacute 
toxicity studies of ioversol in experimental animals. invest Radiol. 
1989-24(supp! 1):S2-89. 

6. Dawson P. Nonionic contrast ose and coagulation. invest” 
Radiol. 1988;23(suppi 2):S310-S317 . 

7. Benamor M, Aten EM, McElvany: KD, etal. loversol ¢ clinical safety 


8. Bettmann MA. Clinical experience! with io 
invest Radial. 1989; 24{suppl 1:561- "366. | 





SS E E aaas 
CONTENTS/ABSTRACTS 


E Na E N aE OTE VIAN a P T ENR EVE EEA ?, 
MISCELLANEOUS 


632 _ 

One Heart, Two Bodies: Insight from the Transplanted Heart 
and Its New Electrocardiogram 

Samuel M. Butman, Brendan Phibbs, Joan Wild, and Jack G. Copeland 


Cardiac transplantation provides a unique opportunity to record the al- 
tered electrical field generated by a human heart in a new environment. A 
series of 35 matched donor and recipient electrocardiograms were re- 
viewed to evaluate such changes. No significant differences were found in 
mean heart rate or precordial voltage, but the PR and QT intervals were 
shorter and the precordial transitional zone was more to the left after 
transplantation (p <0.0005). New evidence of right bundle branch delay 
was found in 11 recipients, not related to pretransplantation hemodynam- 
ics or ischemic arrest. These findings suggest that there is indeed an 
anatomic basis for electrocardiographic evidence of clockwise rotation. 
Age and body habitus do not appear to affect precordial voltage and 
evidence of right bundle delay in the transplant recipient appears to be 
related to the altered position of the heart and not to in jury or changes in 
hemodynamics. 


CARDIOVASCULAR PHARMACOLOGY 


ih, a O TE EO ERNE TOL E Bale, e UE CAV 
Effects of Bepridil and CERM 4205 (ORG 30701) on the 
Relation Between Cardiac Cycle Length and QT Duration in 
Healthy Volunteers 

Brigitte Lecocq, Vincent Lecocq, Pierre-Louis Prost, Odile Fleurot, 

Pierre Boisson, and Patrice Jaillon 


In this randomized, double-blind, crossover, 3-period study, the effects of 
oral bepridil, CERM 4205 and placebo on the QT-RR relation were 
compared in 12 healthy volunteers during physiologic conditions (rest and 
exercise) and pharmacologic tests designed to vary neurovegetative tone. 
The results of the study suggested that (1) there was a distinct difference 
between bepridil and CERM 4205 with regard to their effects on ventricu- 
lar repolarization—only bepridil significantly prolonged QT duration; and 
(2) the bepridil-induced prolongation of QT was rate-dependent and in- 
creased at slow heart rates, which could explain the greater incidence of 
torsades de pointes in sinus bradycardia. 


Continued on page A46 
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CardioGen-82* 
Rubidium Rb 82 Generator 


INDICATIONS AND USAGE 

Rubidium chloride Rb 82 injection is a myocardial pertusion agent that is 
useful in distinguishing normal from abnormal myocardium in panes with 
suspected myocardial infarction. 

Cardiogen-82 {Rubidium Rb 82 Generator) must be used with an infu- 
sion system specifically labeled for use with the generator and capable of 
accurate measurement and delivery of dos3s of rubidium chloride Rb 82 
injection not to exceed a single dose of 2220 MBq (60 mCi) and a cumu- 
lative dose of 4440 MEq (120 mCi} at a rate of 50 mL/min with a maximum 
volume per infusion of 100 mL and a cumulative volume not to exceed 200 
mL. These performance characteristics reflect the conditions of use under 
which the drug development clinical trials were conducted. 

Adequate data from clinical trials to de:ermine precise localization of 
myocardial infarction or identification of stress-induced ischemia have not 
been collected. 

Positron emission tomographic (PET) instrumentation is recommended 
for use with rubidium chloride Rb 82 injection. 


CONTRAINDICATIONS 
None known, 


WARNINGS 

Caution should be usad during infusion as patients with congestive heart 
failure may experience a transitory increase in circulatory volume load. 
These patients shoulc be observed for several hours following the Rb-82 
procedure to detect delayed hemodynamic disturbances. 


PRECAUTIONS 

General 

Data are not available concerning the effect of marked alterations in blood 
glucose, insulin, or pH (such as is found in diabetes mellitus} on the quality 
of rubidium chloride Rb 82 scans. Attention is directed to the fact that ru- 
bidium is physiologically similar to potass um, and since the transport of 
potassium is affected by these factors, the possibility exists that rubidium 
may likewise be affected. 

Rubidium chloride Ab 82 injection must be administered only with an 
appropriate infusion system capabie of meeting the performance char- 
acteristics previously described. (See INDICATIONS AND USAGE).-The 
drug should be used only by those practtioners with a thorough under- 
standing of the use and performance of the infusion system. 

Repeat doses of rubidium chloride Rb 32 injection may lead to an ac- 
cumulation of the longer lived radioactive contaminants strontium Sr 82 
and strontium Sr 85. 

Since eluate obtained from the generatcr is intended for intravenous ad- 
ministration, aseptic techniques must be strictly observed in ali handling. 
Only additive free Sodium Chloride Injection USP should be used to elute 
the generator. Do not administer eluate from the generator if there is any 
evidence of foreign matter. 

As in the use of any radioactive material, care should be taken to mini- 
mize radiation exposure to the patient consistent with proper patient manage- 
ment and to insure minimum radiation exposure to occupational workers. 

Radiopharmaceuticals should be used only by physicians who are qualified 
by training and experience in the safe usa and handling of rad onuclides 
and whose experience and training have b3en approved by the appropriate 
government agency authorized to license the use of radionuclides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies have been performed to evaluate carcinogenic poten- 
tial, mutagenicity potential, or to determine whether rubidium Fb 82 may 
affect fertility in males or females. x 


Pregnancy Category C 
Animal reproductive studies have not beer conducted with rubidium Rb 82. 
itis also not known whether rubidium Rb 82 can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproductive capacity. Rubidium 
Rb 82 should be given to pregnant women only if the expected benefits to 
be gained clearly outweigh the potential hazards. 

ideally, examinations using radiophermaceuticals, especially those 
examinations which are elective in nature, in women of childbearing 
capability should be performed during the first few (approximately 10) days 
following the onset of menses. 


Nursing Mothers 

It is not known whether rubidium Rb 82 is excreted In human milk. Due to 
the short half-life of rubidium Rb 82 (75 sec) it is unlikely that the drug 
would be excreted in human milk during lactation. However, because many 
drugs are excreted in human milk, caution should be exercised when 
rubidium Rb 82 is acministered to nursing women. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
No adverse reactions specifically attributable to rubidium Rb 82 have been 
reported during controlled clinical trials. 


HOW SUPPLIED 

Cardiogen-82 (Rubidium Rb 82 Generator) is supplied in the form of 
strontium Sr 82 adsorbed on a hydrous stannic oxide column with an activ- 
ity of 90-150 millicuries Sr-82 at calibraticn time. The generator is encased 
in a lead shield surrounded by a labeled plastic container. Complete assay 
data for each generator are provided on the container label. Cardiogen-82 
(Rubidium Rb 82 Ganerator) is intended for use only with an appropriate, 
properly calibrated infusion system labeled for use with the generator. 
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| CARDIOLOGIST 


CARDIOLOGIST to join cardiology department of multi-specialty 
clinic. Position requires expertise in invasive/non-invasive proce- 
dures. Cardiology zeam includes cv/thoracic surgeon. Competitive 
guaranteed salary with bonus incentive plan, malpractice insur- 
ance, relocation expense and interview expense included in bene- 
fits package. Enjoy a sub-tropical climate on.the Texas Gulf Coast. 
Location is attrac-ive to those who enjoy outdoor sports such as 
fishing, golf, and sailing. Look into joining our great team. Contact: 
Amanda Fuhro, Valley Diagnostic Medical & Surgical Clinic, P.A., 
2200 Haine Drive, Harlingen, Texas, 1-800-852-4543 or (512) 
421-5199. 


NUCLEAR CARDIOLOGIST 


Elght-physician private consulting cardiology group seek BC/BE 
cardiologist. Position available immediately, Jan 91 or July 91. 
Active 500-bed referral hospital with very active EP, invasive, re- 
hab and surgical programs. Clinical faculty position with medical 
school. Want clinically oriented individual with expertise in nuclear 
cardiology to run nuclear lab and other clinical responsibilities as 
desired. Excelien- salary, benefits with early full partnership. For- 
ward CV to Research Medical Tower Building, T-509, 6420 Pros- 
pect Ave., Kansas City, MO 64132. 





CARDIOLOGIST BC/BE to join invasive and non-invasive 
solo-cardiologist in the growing Research Triangle area of 


N:C. All benefits; including early partnership. Submit CV 
to Cary Cardiology, 121 Edinburgh South, Suite 208, 
Cary, NC 27511. 
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NON-INVASIVE LABORATORY 
Pittsburgh, Pennsylvania 


Recognized as a leacer in the field of cardiovascular disease, Allegheny General 
Hospital, a 764-bed, full-service facility dedicated to patient care, teaching, and 
research, serves as a western campus of the Medical College of Pennsylvania. 
Allegheny General sponsors a three-year Cardiology Fellowship Program with 
four fellows per class, and places strong emphasis on graduate as well as 
undergraduate medical education. Research is encouraged and funds are avail- 
able through the Allegheny Singer Research Institute. 


There are presently 31 members of the Division of Cardiology who utilize five 
diagnostic catheterization laboratories, a separate electraphysiology laboratory, 
the exercise physiolcgy and nuclear cardiology unit, and the non-inasive labora- 
tories. 


The non-invasive laboratory provides state-of-the-art studies including trans- 
esophageal, stress and intraoperative echocardiography with a yearly volume of 
over 10,000 studies. Support staff includes six echocardiographic technicians 
and one research technician. 


The preferred candicate will be board certified in cardiology, and an experienced 
expert echocardiographer. The individual must be qualified for a Medical College 
of Pennsylvania academic appointment. 


if you are interested in this outstanding opportunity, please forward your 
curriculum vitae in confidence to: 


Rita Mullins 
*hysician Placement Specialist 


PHYSICIAN SERVICES 
———(OF AMERICA) 


Recruitment + Planning « Consulting 


Suite 250, Browenton Place 
2000 Warrington Way 
Louisville, KY 40222 
1-800-626-1857 
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T Role of Left Ventricular Dysfunction in Selective 
Neurohumoral Activation in the Recovery Phase 
of Anterior Wall Acute Myocardial Infarction 


Douglas E. Vaughan, MD, Gervasio A. Lamas, MD, and Marc A. Pfeffer, MD, PhD 


Neurohumoral activation is readily apparent in pa- 


tients with symptomatic congestive heart failure 
(CHF) and in the acute phase after acute myocardi- 
al infarction. In this study, the neurohumoral pro- 
files of 36 asymptomatic patients in the early con- 
valescent phase after acute myocardial infarction 
were examined. All patients in the study had a ra- 
dionuclide ejection fraction <45% and underwent 
cardiac catheterization 11 to 30 days after infarc- 
tion. Venous blood samples were obtained in the 
supine state for the measurement of norepineph- 
rine, angiotensin Il, plasma renin activity and aldo- 
sterone in all patients. Despite the reduced ejection 
fraction and extensive wall motion abnormalities, 
plasma norepinephrine was not elevated and did 
not correlate with any measured hemodynamic, an- 
giographic or clinical variables. The renin-angioten- 
sin li aldosterone system was activated, as expect- 
ed, in the 9 study patients receiving loop diuretics. 
However, even in the 27 patients not taking di- 
uretics, plasma angiotensin Il and renin activity lev- 
els were increased in relation to Killip classifica- 
tion, the presence of a left ventricular (LV) aneu- 
rysm and LV ejection fraction. Activation of the 
renin-angiotensin-aldosterone system can be identi- 
fied in hemodynamically compensated postinfarc- 
tion patients not taking diuretics.and appears to be 
related to the extent of LV dysfunction. 

(Am J Cardiol 1990;66:529-532) 
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Address for reprints: Douglas E. Vaughan, MD, Cardiovascular 
Division, Brigham and Women’s Hospital, 75 Francis Street, Boston, 
Massachusetts 02115. 


salt retention and vasoconstriction is a charac- 

teristic finding in patients with decompensated 
severe congestive heart failure (CHF).'? These systems 
include the renin-angiotensin-aldosterone and sympa- 
thetic nervous systems. Presumably, increased levels of 
these neurohormones help maintain cardiovascular ho- 
meostasis in the face of diminished cardiac output. The 
salt and water retention induced by these hormones in 
patients with CHF may be lessened somewhat by the 
counterregulatory effects of atrial natriuretic peptide, 
which is secreted from the atria in response to disten- 
sion.** In general, neurohumoral activation in patients 
with CHF appears to parallel the clinical severity of the 
disease. Marked increases in circulating norepineph- 
rine appear to identify patients with an unfavorable 
long-term prognosis.’ 

Patients with a recent acute myocardial infarction 
(MI) demonstrate a broad spectrum of left ventricular 
(LV) dysfunction. A recent report described significant 
activation of the renin-angiotensin and sympathetic ner- 
vous system within 72 hours of acute MI.8 However, the 
presence and extent of neurohumoral activity in this 
population after completion of the acute event has not 
been completely characterized. This study determines 
the extent and pattern of neurohumoral activation in 
patients without symptomatic CHF after a first anterior 
wall acute MI. 


A ctivation of neurohumoral systems that promote 


METHODS 

All patients were studied during the early convales- 
cent phase of a first anterior wall acute MI resulting in 
an LV ejection fraction <45% determined by radionu- 
clide ventriculography. Patients aged 21 to 75 years 
were clinically stable and without overt CHF or active 
ischemia. The 36 patients included in this study com- 
prise a subgroup from a previously described study? in 
which neurohumoral profiling could be obtained under 
standardized conditions. 

Study protocol: Patients underwent baseline cardiac 
catheterization between 11 and 30 days from the time 
of acute MI. Hemodynamic measurements, coronary 
angiography and biplane left ventriculography were per- 
formed in all patients. Cardiac outputs were determined 
by the Fick method. Left ventricular volumes were cal- 
culated from the biplane views using the area-length re- 
gression equation developed from heart casts.'° Biplane 
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Akinesia and dyst- nesia =30 (%) 33 

LV aneurysm (%~ 56 

Right atrial mean [mm Hg) 6+2 

Pulmonary arter wedge mean (mm Hg) i36 

LV diastolic (rmm-—g) 2l+7 

Arterial mean (nn Hg) 80+9 
Systolic 105414 
Diastolic 6247 





Cardiac index (liters / min /m?) 


Values are expressed a mean + standard deviation where applicable. 
LV = left ventricular. 


regional wall mæion abnormality was calculated as the 
percentage of the diastolic perimeter that remeined aki- 
netic or dyskin-tic during systole as previously de- 
scribed.!! LV areurysm was defined as being present 
when anterolatezal and apical akinesia or dyskinesia as 
well as a clear ciastolic deformity of LV con-our were 
identified. !2 

Before cardi.c catheterization, neurohumoral sam- 
pling for norepmephrine, angiotensin I, plasma renin 
activity, aldoste: one, vasopressin and atrial natriuretic 
peptide was periormed in the supine state 3) minutes 
after the insert.on of an indwelling venous cannula. 
Plasma was separated from whole blood by centrifuga- 
tion and frozen. at —20°C until assayed. Plasma renin 
activity and alcosterone levels were determined by ra- 
dioimmunoassa *s.!>!4 Plasma angiotensin II was mea- 
sured according to the method of Emanuel et al.!> Plas- 
ma norepinephrine was determined by an enzymatic as- 
say.'© Radioimmunoassays were also used for the 
measurement cf plasma atrial natriuretic p2ptide and 
vasopressin levels.!7-!8 

Statistical analysis: Comparisons between groups 
for continuous variables were made using a 1-way anal- 
ysis of variance and the chi-square test wes used for 
analyses of ceiegoric variables. Correlations between 
continuous variabies were determined using standard 
linear regression analyses. All data are presented as 
mean + standard deviation and statistical significance 
was defined as p <0.05 (2-tailed). 





RESULTS 

The baselir-e characteristics of the 36 study patients 
are summarized in Table I. Cardiac catheterization was 
performed 19 + 6 days after the first acute MI. Eigh- 
teen of 36 sut.ects (50%) met clinical criteria for Killip 
classification “22 within 72 hours of acute MI. Twenty- 
five percent =f the study patients were receiving di- 
uretics while more than half of the patients were being 
treated with 3-adrenergic blocking agents and no pa- 
tients were receiving an angiotensin-converting enzyme 
inhibitor. 

Left ventr-culography revealed that both the diastol- 
ic and systolC volumes increased and over half of the 
patients had discrete LV aneurysms. Quantitative wall 
motion analyzis indicated that one-third of -he study pa- 
tients had extensive wall motion abnormaliies with per- 
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TABLE ll Comparisor of Patients With and Without Loop 
Diuretic Therapy at the Time of Neurohumoral Sampling 


No 
Diuretic Diuretic p Value 
Number 
Age (yrs) 62 +8 
Male (%) 89 
Killip class >1 89 
Radionuclide 2524/7 
ventriculography- 
LV ejection fraction (%1 
End-diastolic volume (ml) 
End-systolic volume (ml) 
Akinesia and dyskinesia (%) 
LV aneurysm (%) 
Pulmonary artery mean 
(mm Hg) 
Pulmonary artery wedge 
mean (mm Hg) 
LV diz lic (mm Hg) 
Arterial mean (mm Hg) 
Cardiac index (liter /min/ 
m?) 
Norepinephrine (pg/ml, 250 +117 
Angiotension ll (pg/ml) 24229 
Plasma renin activity 1.9=19 
(ng/mi/hour) 
Aldosterone (ng%) 
Serum sodium 


295+ 45 


336 + 277 
48435 
4.9+2.9 


13415 34 +24 
14043 13643 


Values are expressed as mean +: standard deviation where applicable. 
LV = left ventricular; NS =not significant. 





cent akinesia and dyskinesia =30. Right-sided cardiac 
filling pressures were normal while left-sided cardiac 
filling pressures were slightly increased (Table I). 
Diuretics were administered much more frequently 
to study patients with a Killip classification >1 (Table 
II). Patients taking diuretics also had a lower mean 
ejection fraction, a higher end-systolic volume, more ex- 
tensive wall motion abnormalities, and a higher mean 
pulmonary arterial wedge pressure than their counter- 
parts not. receiving diuretics. Patients taking diuretics 


had significantly increased levels of aldosterone II, plas- . 


ma renin activity and aldosterone when compared with 
the 27 study patients not receiving diuretics, In this 
group of 36 patients, plasma levels of angiotensin II (p 
<0.01), renin (p <0.01) and aldosterone (p <0.05) 
were found to carrelate with Killip classification. Ele- 
vated plasma renn activity also correlated with the ex- 
tent of wall motion abnormality (percent akinesia and 
dyskinesia) (p <C.05) and the presence of LV aneurysm 
(p <0.005). The administration of 8 blockers correlated 
with decreased plasma levels of angiotensin II (p 
<0.05), renin (p <0.005) and aldosterone (p = 0.057). 
Plasma catecholemine levels did not correlate with any 
of these clinical parameters or with the administration 
of diuretics or -adrenergic blocking agents. 

The clinical, hemodynemic and morphologic vari- 
ables listed in Table II were used to identify correlates 
of neurohumora_ activation in the subset of study pa- 
tients not taking diuretics. None of the variables corre- 
lated with plasma catecholamine levels in these patients. 
However, plasma angiotensin II levels were found to 
correspond with the presence of LV aneurysm (p 
<0.05), the extent of wall motion abnormality (percent 


Pa 
2 


at 


akinesia and dyskinesia) (p <0.01), the radionuclide 
ventriculography-LV ejection fraction (p <0.05) and 
Killip classification (p <0.05) (Figure 1). Three of these 
4 variables also correlated with plasma renin activity; 
including the radionuclide ventriculography-LV ejec- 
tion fraction (p <0.01), the percent akinesia and dys- 
kinesia (p <0.05) and the presence of LV aneurysm (p 
<0.05); only the percent akinesia and dyskinesia corre- 
lated with plasma aldosterone levels (p <0.05). 
Plasma atrial natriuretic peptide and vasopressin lev- 
els were determined in unselected subgroups of the 
study population. Plasma atrial natriuretic peptide lev- 
els, measured in 13 subjects, were generally elevated 
(105 + 54 pg/ml, range 26 to 219), with normal values 
defined as 10 to 40 pg/ml. In contrast, plasma vasopres- 
sin levels, measured in 17 subjects, were consistently 
within normal limits and averaged 0.6 + 0.4 pg/ml 
(range 0.3 to 1.3 [normal 1 to 3]). Only 2 of the 13 
patients in whom plasma atrial natriuretic peptide was 
determined and 1 of the 17 in whom vasopressin was 
measured were taking diuretics at the time of the study. 


DISCUSSION 

Neurohumoral activation is a characteristic finding 
in patients with severe chronic CHF.'2--° Stimuli to 
neurohumoral activation include hemodynamic abnor- 
malities, baroreceptor dysfunction, a variety of clini- 
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cal parameters and concomitant drug therapy.'?2° Al- 
though neurohumoral activation appears to be a homeo- 


static response, it may play a deleterious role in the pro- 


gression of CHF.'2’ By focusing on asymptomatic 
patients with LV dysfunction, it may be possible to 
identify pathophysiologic correlates of neurohumoral 
activity in the absence of overt CHF. 

This study was designed to examine a relatively ho- 
mogeneous population of patients in the recovery phase 
of a first acute MI with LV ejection fraction <45%. 
Furthermore, only patients without clinically overt 
CHE were enrolled. Our findings demonstrate that neu- 
rohumoral activation can be identified in asymptomatic 
patients within 1 month of acute MI. As expected, the 
most powerful predictor of neurohumoral activation is 
the administration of loop diuretics. Patients taking loop 
diuretics had significantly increased levels of plasma re- 
nin activity, angiotensin II and aldosterone. Patients 
taking diuretics had larger infarctions and more clinical 
evidence of LV dysfunction than their counterparts not 
taking diuretics. Furthermore, the administration of 
diuretics has been reported to activate the renin-angio- 
tensin system in normal subjects, as well as in patients 
with mild CHF.?!,”? 

In the subgroup of patients not receiving diuretics, 
we have identified 4 parameters that correlate with the 
presence of increased plasma neurohumoral activity in 
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FIGURE 1. Plasma neurohumoral levels in the 36 study patients not taking diuretics. Comparisons were made for each of the 
neurohormones shown in relation to the dichotomized clinical or angiographic variables listed on the horizontal axis. Statistically 
significant differences were defined as p <0.05 and are indicated by the superimposed asterisk. Mean values + standard devi- 


ation are shown. LV = left ventricular. 
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the absence of any identifiable hemodynamic abnormal- 
ity. These parameters include Killip classification, ex- 
tent of LV wall motion abnormality, the radicnuclide. 
ventriculography-LV ejection fraction and the presence 
of an aneurysm in the left ventricle. The Killip classifi- 
cation of patients was based on clinical findings made 
within 72 hours of hospitalization for acute MI, and this 
apparent correlation leads to the suggestion that pa- 
tients with transient clinical pulmonary congestion have 
a persistent, although unidentified, stimulus for in- 
creased neurohumoral activity. The consistent associa- 
tion of the remaining related parameters (i.e., percent 
akinesia and dyskinesia, LV ejection fraction and LV 
aneurysm) with increased plasma renin activity and an- 
giotensin II levels suggests that LV dysfunction may 
promote neurohumoral activation in the absence of clin- 
ically apparent CHF. 

Plasma atrial natriuretic peptide levels were general- 
ly elevated. The stimulus for the release of this hormone 
is unclear but this finding suggests that the mild ob- 
served increase in LV filling pressure was of biologic 
significance. The small number of patients in whom this 
parameter was measured precluded further analysis in 
this data set. Interestingly, however, atrial ratriuretic 
peptide has been reported to increase in rats after exper- 
imental acute MI” in proportion to the extent of LV 
dysfunction. Furthermore, a recent study also described 
a potential role for myocardial dysfunction alcne in pro- 
voking increased plasma levels of atrial natriuretic pep- 
tide.*4 Because the patients included in this study were, 
by definition, hemodynamically well compersated, the 
current findings of increased plasma atrial natriuretic 
peptide levels appear to confirm these prior observa- 
tions. 

Elevations in vasopressin and norepinephrine were 
not identified in our patients. This finding is consistent 
with previous reports that these 2 neurohormones tend 
to be elevated in patients with more severe CHF.’ All of 
the patients included in this study were free of clinical 
symptoms of CHF, and, accordingly, elevations in nor- 
epinephrine or vasopressin, or both, would not be ex- 
pected in this group. Other investigators have described 
increased serum catecholamine levels in patients within 
72 hours of acute MI, particularly in petients with 
acute MI complicated by CHF.® Those patients clearly 
differ from those described in this study, who were stud- 
ied an average of 19 days after infarction. 

Selective neurohumoral activation can be identified 
in hemodynamically compensated patients during the 
recovery phase of an anterior wall acute MI and ap- 
pears to be related to the extent of LV dysfunction. Ele- 
vated levels of neurohormones, particularly angiotensin 
II, may potentially play a role in the pethologic se- 
quence of ventricular hypertrophy? and dikatation”® af- 
ter acute MI. The role of neurohumoral activation in 
promoting the transition from asymptometic LV dys- 
function to overt CHF merits further investigation. 
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Prevalence, Incidence and Prognosis of 
Recognized and Unrecognized Myocardial 
infarction in Persons Aged 75 Years or Older: 
The Bronx Aging Study 
Jeremy Nadelmann, MD, William H. Frishman, MD, Wee Lock Ooi, Dr PH, David Tepper, MD, 


steven Greenberg, MD, Howard Guzik, MD, Eliot J. Lazar, MD, 
Mark Heiman, MD, and Miriam Aronson, EdD 


The prevalence, incidence and prognosis of recog- 
nized and unrecognized Q-wave myocardial infarc- 
tion (MI) was assessed in an 8-year prospective 
study of 390 community-based subjects (age 75 to 
85 years at entry, mean 79 years). Subjects were 
studied at baseline and with annual follow-up elec- 
trocardiographic (ECG) exams. At baseline, 7.9% 
had a history of MI without ECG evidence, 6.4% 
had ECG evidence of Q-wave MI without clinical 
history, 4.1% had both clinical history and ECG ev- 
idence and 81.5% had neither history nor ECG evi- 
dence (control subjects). After an average follow-up 
period of 76.2 months, the total mortality rate was 
5.9/100 person-years for subjects with some evi- 
dence of MI at baseline versus 3.9 in the control 
group (p = 0.059). The incidence of cardiovascular 
disease in subjects with evidence of MI was 8.8/ 
100 person-years versus 4.7 among control sub- | 
jects (p = 0.002). During the follow-up period, 115 
new Q-wave Mis occurred (50 unrecognized, rate 
2.4/100; 65 recognized, rate 3.2/100). There was 
no difference in mortality and morbidity outcome 
between subjects with recognized and unrecognized 
Mis. Those with only a history of Mi at baseline 
had a threefold greater risk of a new Mi (recog- 
nized and unrecognized) than the control group (p 
= 0.003). 

Unrecognized Q-wave MI is a common occur- 
rence in the “old old” with subsequent morbidity 
and mortality prognosis comparable to that of rec- 
ognized MI. History of MI alone in this age group is 
also associated with an increased risk of Mi, sug- 
gesting the need for better diagnostic markers of 
myocardial ischemia in the old. 

(Am J Cardiol 1990;66:533-—537) 
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the numbers and proportion of persons >75 

years of age (“old old”) are steadily increasing. 
In 1987, there were almost 30 million persons >65, 41% 
(12.2 million) of whom were =75,! and by the year 
2000 this figure will approach 50%.* With the advent of 
an aging elderly population, the health professional is 
obliged, now more than ever, to deal with the health 
and illness of the old old. 

Coronary artery disease accounts for a high propor- 
tion of morbidity and mortality in old age. Myocardial 
infarction (MI) in the elderly often has an atypical pre- 
sentation, with the classic description of retrosternal 
chest pressure or tightness often absent. Atypical symp- 
toms of MI can include nausea and vomiting, dyspnea 
or mental status alterations. It is not uncommon for el- 
derly patients to dismiss these atypical symptoms or not 
have detectable symptoms at all, and therefore not seek 
medical attention. 

Asymptomatic or atypical MIs have been recognized 
for years. Initially, the prevalence of these events was 
thought to be quite low,? <10% of all MIs. In recent 
epidemiologic studies, however, the prevalence of unrec- 
ognized MI has been found to be between 25 and 
30%.*-© Most of these studies examined middle-aged 
populations (age on entry <65), and except for the Fra- 
mingham study,* have only examined men. 

This is a report on the prevalence, incidence and 
prognosis of recognized and unrecognized MI in a co- 
hort of old old individuals who have been followed pro- 
spectively for up to 8 years as part of the Bronx Aging 
Study. For the purposes of this study, unrecognized MI 
is defined as either a completely painless MI or an MI 
presenting atypically, and thus not recognized until a 
routine serial electrocardiogram is performed. 


T» population of the United States is aging, and 


METHODS 

The Bronx Aging Study, which began in 1980, is a 
prospective study of cardiovascular disease and demen- 
tia in the old old. The inception cohort was 488 volun- 
teer subjects (75 to 85 years at entry). Subjects were 
recruited from areas in and around the borough of the 
Bronx, New York. At baseline, all subjects were func- 
tioning normally in their daily activities, and did not 
meet the criteria for dementia as set forth in the Diag- 
nostic and Statistical Manual of the American Psychi- 
atric Association.” Furthermore, none of the subjects 
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TABLE I Study Stojects by Myocardial Infarction Stazus 


Q-Wave MI 
by ECG 


No. (%) History 


















Group 1 (history only 31 (7.9) + 0 
Group 2 (ECG only) 25 (6.4) 0 + 
Group 3 (history and ICG? 16 (4.1) + + 
Group 4 (contro!) 318 (81.5) O 0 







ECG = electrocardiogr=n; M = myocardial infarction. 


had a known terminal disease. Subjects understood the 
longitudinal nature of the study, gave informed consent 
and agreed to re-urn for annual evaluations. Intake oc- 
curred over a 2.:-year period. The average subject age 
at intake was 72 vears, and 35.5% were men, while 
64.5% were women. The cohort was predominantly 
Caucasian (90%. 

The initial evaluation included physical examination, 
complete medical history, psychosocial history and 
questionnaires, family history, current and past medica- 
tions, resting e-ectrocardiogram, 24-hour ambulatory 
electrocardiograshic (ECG) monitoring, complete blood 
and biochemica screens and neuropsychological evalua- 
tions. 

Subjects returned annually for a complete reevalua- 
tion; the averag= time to reexamination was 15 months. 
In addition, hospital records and death certificates were 
obtained from tnose subjects who had experienced inter- 
vening morbidty and mortality. All subjects received 
annual electrocardiograms, which were read by an inde- 
pendent cardio gist. Three hundred ninety subjects re- 
turned for at least 1 repeat evaluation, and ttis report is 
based on that cohort. All electrocardiograms were used 
for identification of a new event after baseline. 

A diagnosis of MI was made when either an electro- 
cardiogram showed a pattern that included. pathologic 
Q waves with a duration of 20.04 seconds, or loss of 
initial R waves, or a clinical history was obtained from a 
combination o` patient history and hospital records. An 


unrecognized MI was said to have occurred when there 
was ECG evidence of a Q-wave MI without a corre- 
sponding clinical history. It was not possible from our 
data to distinguish a completely silent MI from an atyp- 
ical symptomatic MI, and both were considered to be 
unrecognized. Subjects with left bundle branch patterns 
or paced rhythms that precluded a diagnosis of MI were 
grouped with subjects who lacked ECG evidence of MI. 

Incidence rates (per 100 person years) were calculat- 
ed on the basis of weighted average exposure time. Dif- 
ferences between rates were compared using tests of 2 
proportions. As in Table I, subjects were divided into 4 
groups based on their entry MI status. Group 1 (histo- 
ry) were those subjects with a clinical history of MI 
without accompanying ECG evidence of Q-wave MI. 
Group 2 (electrocardiogram only) were those subjects 
with evidence of Q-wave MI on baseline electrocardio- 
gram but without supporting clinical history of MI. 
Group 3 (history and electrocardiogram) were those 
subjects with both clinical history and ECG evidence of 
Q-wave MI. Group 4 were those subjects with neither 
clinical history nor ECG evidence of MI. Subjects in 
this last group served as control subject for this analysis. 

Selected health and demographic characteristics of 
the 4 groups at baseline were essentially the same (Ta- 
ble IT). Additionally, at study entry, 67% were receiving 
some type of cardiovascular drug alone or in combina- 
tion, 45% were receiving diuretics, 13% were receiving 
digoxin and 10% were receiving oral -adrenergic 
blockers. No subjects were receiving calcium-channel 
blockers on entry. Only 6% of the subjects were not re- 
ceiving any medication. 


RESULTS 

Unrecognized myocardial infarction: At entry, 25 
subjects (6.4%) had evidence of unrecognized MI by 
electrocardiogram. Thus, of the 72 subjects with history 
and ECG evidence of MI at baseline, 34.7% were un- 
recognized. During the 8 years of follow-up (range 5 to 
8 years), there were an additional 50 unrecognized MIs 


TABLE ll Sel =cted Health and Demographic Characteristics by Baseline Myocardial Infarction Status 


Group 1 Group 2 
Characteristic History ECG Only 
(mean + $2) (n= 31) 


Age (yrs) 7943 80+ 4 
Total cholesterol 235 +45 225 + 54 
(mg/dl) 
Hypertens-on (%) 45 
Female (Ye 55 
Diabetes 25 
mellitus %) 
Cigarette 
smoker- %) 
Diuretics C4) 
&-blockers= (%) 
Digoxin (2) 
No medication (%) 
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Group 4 Overall 
Control Sample 
(n = 318) (n = 390) 


7843 79243 
214439 225 + 42 


44 50 
50 64 
19 12 





TABLE Ill Cardiovascular Morbidity and Mortality by = 
Myocardial Infarction Subgroup 


- Rate/100 


Group Person Years p Value” 


1 (History only) 

2 (ECG only) 

3 (ECG and history) 
1,2,3 (Combined) 
4 (Control) 


* Control versus other groups. 
ECG = electrocardiogrem; NS = not significant. 





(2.4/100 person-years) and 65 recognized MIs (3.2/ 
100 person-years). Because of the limitation in our cod- 
ing of electrocardiograms, only subjects without any 
prior ECG evidence of MI (groups 1 and 4) could be 
classified for a new, unrecognized MI. Therefore, 
groups 2 and 3 were not included in this analysis. 
(There were 3 new clinical MIs in group 2 [rate = 3.6/ 
100 person-years] and 5 new clinical MIs in group 3 
[rate = 3.7/100 person-years}). 

Subjects in group 1 had 11 new unrecognized MIs 
(7.2/100) and 12 new recognized MIs (7.1/100). 
Group 4 (control) subsequently developed 39 unrecog- 
nized MIs (2.1/100) and 53 new recognized MIs (2.4/ 
100, Figure 1). Thus, the rate of subsequently unrecog- 
nized MIs was essentially the same as that of recog- 
nized MIs, and those with a prior oistory of MI were 3 


TABLE IV Total Mortality by Myocardial Infarction Subgroup 


Rate /100 
Person-Years 


1 (History) 3.9 
2 (ECG only) 7.1 0.03 





Group p Value* 












3 (ECG and history) 8.4 0.059 
1,2,3 (Combined) 5.9 0.059 
4 (Control) 3.9 





* Control versus other groups. 
ECG = electrocardiogram; NS = not significant. 


times more likely to develop a subsequent MI (either 
recognized or unrecognized) than those subjects without 
any prior indications of MI (p = 0.0001). 

Total cardiovascular morbidity and mortality: All 
clinical events were classified as either cardiovascular or 
non-cardiovascular. Cardiovascular events included MI 
(fatal, non-fatal and unrecognized), cerebrovascular 
(fatal, non-fatal and transient ischemic attacks) and 
other heart deaths (i.e., congestive heart failure) (Table 
HI). 

Subjects in group 1 developed cardiovascular disease 
at a rate of 9.5/100 person-years, compared to 7.4/100 
(group 2), 9.5/100 (group 3) and 4.7/100 (group 4). 
Subjects in group 1 (history) and group 3 (history and 
electrocardiogram) had a significantly higher rate of 
cardiovascular disease when compared to control sub- 
jects (p = 0.009 and 0.053, respectively). 


New Myocardial Infarctions By Group 
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FIGURE 1. Rate of new myocardial infarction (MI, recognized and unrecognized) in Bronx Longitudinal Aging Study. Control = 
subjects with no evidence of MI by history or electrocardiogram at baseline; History = subjects with clinical history of MI at 
baseline with no electrocardiographic evidence of Q-wave MI present; NS = not significant. 
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TABLE V Previous Reports of Unrecognized cer infarctions 


% Unrecognized 
MI Type of Study 


Study and Sex 


Year ie M/F Ae s) 








Roseman 220" 163/57 no 4.5 Autopsy and ECG chart 
(1954} limit review 

Rodstein £00 _ both 260 31 silent Chart review over 
(1956)! 41 atypical 4 years 

Johnson et 143 105/38 no 50 Autopsy 
al (1959)8 limit 

Lindberg 756 all 50-59 15 Frospective study 
etal male . with 4-year follow-up 
(1960)? l 

Rosenman 3,182 all 39-59 30 Prospective study 
étal male with 4.5-year follow-up 
(1967)!° 

Medalie 9,509 all >40 39.8 overall Prospective study 

-etal male 2.071000 pt with 7-year follow-up 
(1976)° yrs 40-49 

10.6/1000 pt 
yrs 60+ 

Kannel 5,127 both 30-62 30 overall Prospective study 
et al at entry <75 (28%) with 30-year follow-up 
(1984)* 275 (39.7%) 

Grimm 2,132 all 35-57 25.4 Prospective study 
etal male 
(1987) 

Yano 7,331 all 45-68 33 Prospective study 
etal male at entry with 6-year follow-up 
(1989)!4 





















* Definite Mis. 
Abbreviations as in Table l. 


Overall, subjects with any evidence of MI at study 
entry (groups 1, = and 3) had a higher incidence of car- 
diovascular disease (8.8/100 person-years) when com- 
pared to control subjects (4.7/100, p = 0.0023. 

Total mortality: During an average follow-up of 76.2 
months (range. £ to 8 years), 106 people died (Table 
IV). Those subjects with some evidence of MI at base- 
line (groups 1, = and 3) had a total mortality rate of 
5.9/100 person-years, whereas group 4 (control sub- 
jects) had a rate of 3.9/ 100 (p = 0.059). 

Compared tc control subjects, the mortality rate of 
subjects in grouo 1 (history) was 3.9/100 pe-son-years 
(difference not significant); that of group 2 was 8.4/100 
(p = 0.03), ard that of group 3 was 7.1/100 (p = 
0.059). There were no significant differences ih outcome 
between groups 1, 2 and 3. Thus, the prognosis for sub- 
jects entering vith an nirocognizeg MI was similar to 
those with a cknical MI. 


DISCUSSION 

Reports of coronary thrombosis without pain have 
been described as far back as 1912, and unrecognized 
MI is now a wll documented clinical entity? Estimates 
of the proportion of unrecognized MI have ranged from 
0 to 61%. The earliest studies were predominantly au- 
topsy studies, vith an incomplete retrospective review of 
clinical histor. Roseman,’ in a retrospective case study 
of 220 patients with MI, reported a 4.5% proportion of 
completely painless MIs, with an additional 6.8% pro- 
portion having atypical symptoms. He concluded that 
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silent MI did exist but its rate of occurrence was ex- 
tremely low. 

In more recent studies (Table V), many of them pro- 
spective in design, the- proportion of unrecognized MI 
has averaged 30%.>-68-!2 Our findings at baseline of a 
34.7% proportion of MIs that were unrecognized is 
comparable to these recent studies. In our study, the 
incidence of recognized MI was 3.2/100 person-years, 
and unrecognized 2.4/100, with the unrecognized MIs 
accounting for 43.7% of the total. Studies from Fra- 
mingham* and Israel’ also fcund the proportion of un- 
recognized MIs to increase with advancing age. 

There are a number of theories proposed to explain 
why silent or painless MIs occur in the elderly. Some 
investigators have suggested a defective myocardial 
ischemia and infarction warning system.!? Marked 
ECG ST-segment depressions on exercise tests without 
accompanying pain are not uncommon findings in pa- 
tients with significant coronary artery disease. Sensory 
neuropathy or ar. increased pain threshold have been 
suggested as mechanisms to explain silent myocardial 
ischemia.'4 

Rodstein'! prospectively followed a group of ambu- 
latory nursing home patients >60 years for 5 years, and 
found 31% of all non-fatal MIs to be silent, and 41% 
atypical in presentation w:th symptoms such as dys- 
pnea, dizziness, vertigo, cough, nausea or abdominal 
pain as the predominant ccmplaint. He also found that 
these atypical presentations were more common in pa- 
tients with hypertension and severe mental deteriora- 
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tion. Other investigators have found that atypical MI 
presentations in the elderly were associated with an im- 
paired mental score.'> The classic triad of chest pain, 
_ ECG changes and elevated cardiac enzymes were re- 
ported by 1 group to occur in only a minority of elderly 
patients presenting with acute MI, and confusion, vom- 
iting, syncope and shortness of breath were reported to 
be more likely to be the presenting complaints.'€ Our 
findings from the Bronx Aging Study confirm these ear- 
lier observations that elderly patients are likely to have 
unrecognized MIs. 

Our findings also confirm those of previous prospec- 
tive studies,*°!°.!2 which found that silent MIs were just 
as likely as clinical MIs to be associated with increased 
rates of cardiovascular morbidity and total mortality. 

Another interesting finding in the Bronx Longitudi- 
nal Aging Study was.the high proportion of subjects 
having a history of MI but without confirmatory ECG 
evidence at baseline. It is well known that ECG evi- 
dence of a Q-wave MI can disappear.'’-?° Usually this 
occurs within the first 2 to 3 months after the. infarc- 
tion,!’-2° and various studies have reported an incidence 
of this phenomenon to be between 14 and 48%.!8-2 We 
found that 43% of our subjects (with some evidence of 
past MI) gave a clinical history at baseline of MI but 
lacked ECG evidence of Q-wave Mi; part of this group 
had non-Q-wave MI and others lacked any ECG evi- 
dence altogether. Yet, interestingly, their mortality was 
similar to that of control subjects, although they had the 
highest incidence of new cardiovascular morbidity, with 
a threefold greater risk of unrecognized MIs than con- 
trol subjects. 

In the Bronx Aging Study, unrecognized MIs were 
defined only by the presence of Q waves on the electro- 
cardiogram. Therefore, non-Q-wave MIs were missed, 
and the true incidence of unrecognized MIs may be 
higher. In addition, a specifically detailed history look- 
ing for atypical symptoms was not obtained. Thus, we 
were unable to differentiate truly painless MIs from 
atypical MIs. Another limitation in our study was the 
coding of electrocardiograms. We did not localize the 
site of the infarction, nor did we ccde for subsequent 


new MIs by electrocardiogram, causing us to underesti- 
mate the true incidence of unrecognized MIs. 
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Randornaized Controlled Trial of Late In-Hospital 
Angiography and Angioplasty Versus 
‘Conservative Management After Treatment with 
Recombinant Tissue-Type Plasminogen Activator 
in Acute Myocardial Infarction 


Gabriel |. Barbash, MD, MPH, Arie Foth, MD, Hanoch Hod, MD, Michaela Modan, PhD, 
` Hilton | Miller, MD, Shemuel Rath, MD, Yedahel Har Zahav, MD, Gad Keren, MD, 
Michad Motro, MD, Amir Shacrar, MD, Samuel Basan, MD, Oren Agranat, MD, 
Bat eth Rabinowitz, MD, Shlomo Laniado, MD, and Elieser Kaplinsky, MD 


Although both tke European Cooperative Study 
Group and the Tarombolysis in Myocardial infarc- 
tion IIB trial indiated that angiography and.angio- 
plasty as routine measures after thrombolytic 
treatment do no’ improve clinical outcome in pa- 
tients with acute myocardial infarction, the poten- 
tial benefit of angioplasty may have been negated 
by the fact that -he procedure was performed too 
soon (<32 hour: ) after admission. A similar study 
was designed incwhich delayed invasive treatment 
was compared with conservative treatment in 201 
patients with acite myocardial infarction given re- 
combinant tissum-type plasminogen activater. The 
97 patients randomized to the invasive group un- 
derwent routine coronary angiography and angio- 
plasty 5 + 2 davs after thrombolytic therapy, 
whereas the 1054 patients randomized to the con- 
servative group underwent angiography oniy for re- 
current postinfarction angina or exercise-induced 
ischemia. BaseLne characteristics of both groups 
were similar. Ir the invasive group, 92 patients un- 
derwent angiography, 49 angioplasty and 11 coro- 
nary artery bypass surgery. in the conservative 
group, 40 patients experienced early ischemia, 39 
underwent ang-ography, 20 angioplasty and 4 cor- 
onary artery brpass surgery. Reinfarction rate and 
preservation of left ventricular function at dis- 
charge or 8 weeks after discharge did not differ in 
the 2 groups. Total mortality after a mean follow- 
up of 10 montis was 8 of 97 in the invasive and 4 
of 104 in the conservative groups (p = 0.15). How- 
ever, if only patients who died after the timing of 
the scheduled protocol catheterization in the inva- 
sive arm were ncfuded, mortality was 5 of 94 and 
O of 100 in the invasive and conservative treatment 
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groups, respectively (p = 0.02). A significantly 
higher rate of rehospitalization was observed . 
among patients assigned to the conservative group 
and in both groups, and a history of angina pectoris 
was significantly associated with more rehospital- 
izations. Results of this study indicate that conser- 
vative treatment is preferable to invasive treat- 
ment, even when cardiac catheterization is delayed. 
(Am J Cardiol es 


lytic therapy for acute myocardial ‘infarction 
(MI) has been recently reevaluated. The fre- 
quency of high-grade underlying stenosis of the infarct 


Ts rolé of anita’ as an adah to thrombo- 


artery after thrombolysis! combined with the high inci- . 


dence of early reocclusion (up to’20% in some series’), 
has led to the seemingly logical combination of throm- 
bolysis followed by prophylactic angioplasty. 3 To deter- 
mine the optimal timing of the prophylactic treatment, 
2 studies compared immediate versus delayed coronary 
angioplasty.*> These. studies indicated that immediate 
mechanical revascularization offered no benefit and was 
accompanied by higher reocclusion rates, and possibly 
by increased mortality. 

The question of whether angioplasty benefits pa- 
tients without evidence of myocardial ischemia in the 
acute and subacute phase of acute MI initiated the Eu- 
ropean Cooperative Study Group (ECSG) and the 
Thrombolysis in Myocardial Infarction (TIMI) IB, tri- 


als that compared invasive and conservative treatment 


strategies after thrombolytic therapy.” Both studies 
showed that routine invasive treatment involving coro- 


nary angiography and angioplasty had no advantage 
over conservative treatment; the mortalities associated . 


with both treatments were similar. However, in both 
studies, the potential benefit of angioplasty may have 
been masked by the fact that the procedure was per- 
formed too soon (<32 hours) after the acute coronary 
event, at a time when the risk of reocclusion is still 
high. 

-Our study was designed to compare: delayed (272 
hours) invasive treatment to conservative treatment in 
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which invasive work was done only when indicated by 
clinical signs of myocardium at risk. Patients with 
evolving acute MI treated with recombinant tissue plas- 


.Mminogen activator (rt-PA) were thus randomized to un- 


dergo late in-hospital coronary angiography and angio- 
plasty or to undergo conservative treatment with se- 
lective angiography only when indicated by objective ev- 
idence of myocardial ischemia. Our results indicate that 
after thrombolytic therapy, routine delayed coronary 
angiography does not improve short- and long-term out- 
come when compared with selective intervention in pa- 
tients with evidence of myocardium at risk. 


METHODS 

Patients: Patients were enrolled in the study by way 
of the emergency ward and mobile intensive care units. 
The study protocol was approved by institutional com- 
mittees on human research and all participating pa- 
tients gave their informed consent. 

The entry criteria were as follows: age <73 years, 
severe chest pain >30 minutes but no longer than 4 
hours; ST-segment elevation of 0.1 mV in 22 contigu- 
ous electrocardiographic leads, no left bundle branch 
block on the qualifying entry electrocardiogram, no his- 
tory of congestive heart failure or cardiac surgery, dia- 
stolic blood pressure <120 mm Hg, no history of termi- 
nal illness and no bleeding predisposition (i.e., oral anti- 
coagulant therapy, recent trauma, past bleeding history, 
or cerebrovascular accident during the last 6 months). 
Patients with cardiogenic shock were not excluded. 

Thrombolytic regimen: A total dose of 120 mg rt- 
PA (G11035, supplied by Boehringer-Ingelheim, West 
Germany) was given during a 6-hour infusion that con- 
sisted of a 10-mg bolus followed by a continuous infu- 
sion of 50 mg in the first hour, 20 mg in the second 
hour, and 10 mg during each of the following 4 hours. 

Concomitantly, heparin was infused in a bolus of 
5,000 IU and then continued at 25,000 IU/24 hours. 
The dose was adjusted to keep the activated partial 
thromboplastin time between 1.5 to 2 times the base- 
line. Heparin infusion was continued for 25 days except 
in the following 3 instances: patients who underwent a 
successful coronary angioplasty, in whom heparin was 
discontinued after 24 hours; cases of bleeding; and pa- 
tients referred to urgent (befor discharge) coronary by- 
pass surgery, in whom heparin was continued until sur- 
gery. Aspirin (250 mg/day) was administered after the 
first 24 hours and continued during follow-up. Conven- 
tional antianginal and anticongestive therapy was used 
as needed. All patients were treated prophylactically 
with 2 g of intravenous lidocaine in the first 24 hours. 

Randomization: Patients were randomized to inva- 
sive or conservative treatment groups on the basis of 
alternating 2-month periods (Table I). Thus, all patients 
enrolled during a 2-month “invasive” period were as- 
signed to the invasive group, whereas all patients en- 
rolled during a “conservative” 2-month period were as- 
signed to the conservative group. This randomization 
method was chosen because patient-by-patient random- 
ization would have been difficult, especially since a sig- 
nificant number of patients were enrolled by way of mo- 
bile coronary care units. Patients enrolled through the 


TABLE I Enrollment in the Invasive and Conservative 
Treatment Groups by Month 


Conservative 
Treatment 


Invasive 
Treatment 


December 1987 
January~Febuary 198& 


March-April 1988 
May—June 1988 
July-August 1988 
September—October 1¢88 
November--December 1988 
January 1989 


Total 





emergency ward were treated as soon as possible after 
admission, with rt-PA infusion initiated either in the 
emergency room or on admission to the intensive coro- 
nary care unit. In all patients in the invasive group, cor- 
onary angiography was performed >72 hours after ad- 
mission. Patients in the conservative treatment group re- 
ceived conventional cere; coronary angiography was 
performed only if postinfarction angina or hemodynam- 
ic instability occurred during hospitalization or if severe 
ischemia was provoked during a predischarge exercise 
test. 

Criteria for percutaneous transluminal coronary 
angioplasty: Patency of the coronary arteries was evalu- 
ated at the laboratory of each medical center and by a 
consensus reading of all angiograms by the same 2 coro- 
nary angiographers who were blinded to the clinical 
course of the patients except for the electrocardiograph- 
ic localization of the infarction. Severity of coronary ar- 
tery disease was determined by visual assessment of the 
reduction in luminal diameter (% stenosis) and TIMI? 
gradings of perfusion for each coronary artery and its 
major branches. 

Patients in both the invasive and conservative groups 
found to have >50% reduction in the luminal diameter 
of the infarct-related artery underwent an ad hoc percu- 
taneous transluminal coronary angioplasty unless the in- 
farct artery was considered insignificant, the lesion was 
considered not suitable for angioplasty for other rea- 
sons, or the patient was referred to coronary bypass sur- 
gery because of 3-vessel coronary artery disease, left 
main or left main equival2nt disease. Thus, once coro- 
nary angiography was performed, the decision to pro- 
ceed with angioplasty wes solely based on coronary 
anatomy (suitable lesion in the infarct artery) and not 
on the patient’s clinical condition. The angioplasty was 
defined as successful when blood flow was normal or 
improved according to the TIMI criteria’ and both an 
absolute reduction in luminal stenosis by >20% and fi- 
nal luminal narrowing of <60% were achieved.’ 

Measurement of left ventricular function: During 
the hospitalization, each patient underwent 2 radionu- 
clide studies to assess left ventricular function, the first 
as soon as possible after admission but not later than 60 
hours (mean time 1.2 + 0.8 days) and the second at 
discharge. All radionuclide examinations and left ven- 
tricular ejection fraction were assessed by the same 2 
experienced cardiologists, who were blinded to the clini- 
cal course of the examined patients. 
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TABLE ll Baseline Characteristics of Patients in the Invasive and Conservative Treatment Groups 


Treatment 





Invasive Conservative ee 
(n=97) (n= 104) y 
Mean age (yrs + SD) 5849 5793 
Men (%) 85 84 
i High-risk patients {% of patients) 63 68 
Anterior infarcton 48 57 0.3 
Previous infarc.ion 25 18 0.34 
Rales >1 /3 lurg field* E.1% 48% 
Atrial fibrillatior /fiutter 21% 2.8% 
Angina pectoris 
None 54% 55% 
<6 months 33% 35% 
>6 months 12% 10% 
Admission heartrate (minutes, mean + SD) 77+16 77=20 
Systolic blood pressure (mm Hg, mean + SD) 125+ 27 128 + 26 
Time to treatment (hours, mean + SD) 2.0+0.8 2.0 +40.8 


* 3.0 and 2.8% of the patients in the invasive and conservative treatment groups, respectively, were admitted with killip grade IV. 


SD = standard deviation. 





TABLE Hil. In-Hospéal Complications = 


Treatment 


invasive Conservative 
All Patients (n= 97) (n = 104) 


in-hospital reinfarction 15(16) 10(10) 

in-hospital ischemia 13 (13) 16(15) 

Emergency procedures 15 (15) 13 (12) 
Re-PTCA 3 (3) 3 (3) 
Emergency CABG 4(4 (0) 
Other procedures* 8 (8) 10(10) 

Bleeding corrplications 11 (11) 9 (9) 
Local hematoma 2{(2) 4(4) 
Macroscopic hematuria 2 (2) 2 (2) 
Gastrointestinal bleeding 6 (6) 3(3) 
Retroperitoneal bleeding 1(1) 9 (0) 
Intracranial bleeding 0(0) 1(1) 
Blood trarsfusion 38) 0 (0) 

Congestive heart failure 9 (9) 4 (4) 
mortality at discharge 5 (5) 4(4) 

Total patien s 34 (35) 28 (27) 
with complications 


OS 





Patients with increased risk n=66 n=71 


in-hospital reinfarction 10015) 

Emergency procedures? 6 (9) 

Bleeding ccmplications 7(11) 

Congestive heart failure 8(12) 
at discharge 

Mortality 4 (4) 

Total patients 24 (36) 
with complications 





Patients w thout increased risk n=31 n=33 


In-hospita reinfarction 
Emergency procedure’ 
Bleeding complications 
Congestive heart failure 
at discharge 
Mortality 
Total patents 
with conpl.cations 


CABG = coronaryartery bypass surgery; PTCA = percutaneous transluminal coronary angioplasty. 
* Electraconversisn, pacemaker insertion, cardiopulmonary resuscitation. { 
t Coronary angioplasty, bypass operation, electroconversion, pacemaker insertion, cardiopulmonary resusciation. 
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Effort-tolerance test: A modified Bruce effort-toler- 
ance test was performed in all patients in the conserva- 
tive group between the seventh and the tenth day of 
hospitalization except in patients who were unstable 
early during their hospitalization and underwent coro- 
nary angiography before discharge. The effort-tolerance 
test was performed targeting a heart rate of 120 beats/ 
min. When the patient could not reach a heart rate of 
120 beats/min, but had no evidence of myocardial isch- 
emia, the test was defined as inconclusive and the pa- 
tient was treated as if the test had been negative. A test 
was defined as positive when 21 of the following oc- 
curred: typical ischemic chest pain, 22 mm ST depres- 
sion 0.08 second after the J point, or a decrease of 15 
mm Hg in blood pressure from baseline level. 

Patient evaluation and follow-up: All patients 
| stayed in the coronary care unit 224 hours. The diag- 
nosis of MI was confirmed by either an increase of cre- 
atine kinase MB fraction >5% or appearance of a new 
Q wave not present on the initial electrocardiogram. 

After discharge, patients had follow-up clinic visits 
at 2, 6 and 12 months. No patient was lost to follow-up. 
During the clinic visit at 2 months, each patient under- 
went a symptom-limited effort-tolerance test and exer- 


cise radionuclide ventriculography. During the 6- and 
12-month clinic vistts, only the symptom-limited effort 
tolerance test was performed. 

Evaluation of patients with increased risk: Patients 
with increased risk were defined as those with 21 of the 
following 6 characteristics at admission: ST-segment el- 
evation in the precordial leads, history of previous acute 
MI, Killip grading =2, systolic hypotension (<100 mm 
Hg) and sinus tackycardia (atrial rate >100 beats/ 
min), atrial fibrillation or flutter, and age =70 years. 

Statistical analysis of risk factors: Clinical outcome 
was evaluated by intention to treat for the 2 randomized 
groups of patients assigned to the invasive and conserva- 
tive treatment groups. Univariate comparisons of the in- 
vasive and the conservative groups were done as follows: 
for continuous variaktles, by t test or by Wilcoxon rank 
sum test in cases of -nequality of variances, expressing 
data as mean + standard deviation; for categoric vari- 
ables, by chi-square test, or when relevant, by Fisher’s 
exact test, expressing data as percentages. 

On the basis of un-variate analysis, the effect of rele- 
vant independent variables on the dependent variable— 
rate of rehospitalization—was determined by forward 
stepwise multivariate logistic regression analysis. The 





Conservative Invasive 


Group Group 
FIGURE 1. in-hospital clinical ; © 
course and treatment. CABG = cor- Effort-tolerance Post-infarction 
H onary artery bypass grafting; PTCA Course 
\ = percutaneous transluminal coro- 
nary angioplasty; “including 2 pa- 
tients who did not have postinfarc- 
tion angina or a positive predis- (62 
charge effort-tolerance test who 
nevertheless underwent coronary Negative Positive 
angiography followed by conserva- ia mee 
tive management. 
Coronary Coronary Ne Coronary No 
+ Angiography i] raphy d aphy B raphy Angiography 
Conservative PTCA No PICA PTCA No PTCA Conservative PTCA No PTCA Conservative 


Treatment 


O © | 
CABG CABG CABG 
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immediate resting EF 
Discharge resting EF (89) 
At 8 weeks 

Resting EF (86) 
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immediate resting EF (52) 





Discharge resting EF (63) 
At 8 weeks 
Resting EF (58) 


Exercise EF-resting EF 


immediate resting EF 





Discharge resting EF (31) 
At 8 weeks 
Resting EF (28) 


Exercise EF—resting EF 


independent variables were the following: study group, 
age, sex, infarct location, history of angina pectcris, co- 
existing diabetes mellitus, decreased (<50%) left ven- 
tricular ejection fraction at discharge, and reinfarction 
during the hospitalization. The relative risk associated 
with the independent variable was derived from the lo- 
gistic regression coefficient with 95% confidence limits. 


RESULTS 

Baseline characteristics: From December 1987 
through January 1989, 201 patients with acute MI re- 
ceived intravenous rt-PA within 2.0 + 0.8 hotrs after 
onset of symptoms. Ninety-seven patients were random- 
ly allocated to the invasive treatment group and 104 
patients to the conservative treatment group (Table I}. 
The 2 populations were generally comparable (Table 
II); both consisted of mostly men (85%) (meaa age 57 
+ 9 years). The diagnosis of acute MI was confirmed in 
98 and 95% of the patients in the invasive and conserva- 
tive treatment groups, respectively. The percentage of 
patients with increased risk was practically identical in 
both treatment groups (68 vs 68%). Patients in the inva- 
sive group had a lower rate of first infarcticn in the 
anterior wall than patients in the conservative group (48 
vs 57%). In addition, patients in the invasive group had 
a higher incidence of previous acute MI (25 vs 18% in 
the conservative group), and a higher incidence of Killip 
grade 4 on admission (3% in both groups), dut these 
differences were not significant. The 2 groups did not 
differ with respect to prehospital duration of angina 
pectoris, admission heart rate, systolic blood p-essure or 
time to treatment. 

in-hospital clinical course and treatment: Of the 97 
patients assigned to the invasive arm, 92 underwent rou- 
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TABLE IV Ejection Frecticn at Admission, Discharge and Eight Weeks in the Invasive and Conservative Groups 







EF = ejection fraction. 












Conservative 






(n = 104) 













48413 (94) 49413 

50+ 15 (98) 49 +3 

51414 (89) 51411 
+1.446.5 +1965 











44412 (63) 45412 
44 +20 (69) 44416 
47414 (57) 48 +10 
+1.2+6.5 +2.2+6.6 







58412 











5416 (33) 55 +12 
599 (32) 5549 
+11.8 6.6 +1.446.1 





tine coronary angiography 5 + 2 days after admission 
(Figure 1). Coronary angiography was not performed in 
5 patients because of death before 72 hours (3 patients), 
or unstable hemodynamic course (2 patients). No pa- 
tient refused to undergo coronary angiography or angio- 
plasty when these procedures were indicated by either 
the study protocol or compelling clinical reasons. 

Of the 104 patients assigned to conservative treat- 
ment, 28 did not undergo an effort-tolerance test: 4 pa- 
tients who died, 23 patients with early postinfarction an- 
gina and 1 patient with severe arrhythmia. Among the 
76 patients who did undergo the effort-tolerance test, 
the results were negative in 58, inconclusive in 4 and 
positive in 14. 

Of the 104 patients allocated to the conservative 
group, 39 (37%) underwent coronary angiography 11 + 
5 days after admission, 21 because of early postinfarc- 
tion angina, 16 because of a positive predischarge ef- 
fort-tolerance test and 2 who did not have postinfarction 
angina or a positive predischarge effort-tolerance test. 
These 2 patients did not undergo percutaneous translu- 
minal coronary angioplasty and had an uneventful hos- 
pitalization and follow-up. For the purpose of analysis, 
these patients were included (by intention to treat) in 
the conservative group. 

Coronary anatomy observed during coronary angi- 
ography was similar for the 92 patients in the invasive 
group and the 39 patients in the conservative group who 
underwent cardiac catheterization. In the invasive and 
conservative groups, respectively, the prevalence of in- 
farct arteries with >50% sterosis was 84 and 92%, le- 
sions of the left anterior descending artery were present 
in 42 and 44% of patients, proximal-third infarct-artery 
lesions were present in 44 and 51% of patients and the 


“Nee” 





severity of the infarct-artery lesion (TIMI grade 0 or 1) 
was 16 and 15%. The contrast leit ventricular ejection 
fraction measured during coronary angiography was 
. lower in the invasive treatment group than in the con- 
servative treatment group (49 + 25 vs 54 + 25, respec- 
— tively, p = 0.06). 

The rate of coronary angioplasty during hospitaliza- 
_tion was more than double in patients assigned to the 
invasive group than in those assigned to the conservative 
group (50 vs 19%, p <0.01). Angioplasty was successful 
90% of the time in the invasive group (44 of 49 patients) 
and 95% of the time (19 of 20) in the conservative 
group. An additional 9 patients underwent coronary an- 
gioplasty after hospital discharge; 4 of these patients 
were from the invasive group and 5 from the conserva- 
tive treatment group. The rate of coronary bypass oper- 
ations was 3 times higher in the invasive than in the 
conservative group (11 of 97 vs 4 cf 104, p = 0.03). Of 
these, 6 operations were performed before discharge: 5 
in patients from the invasive group and 1 in a patient 
from the conservative group. 

Complications during initial hospitalization: Mean 
duration of hospital stay was 12 + 6 days for the pa- 
tients in both treatment arms. The tendency for bleed- 
ing, the need for blood transfusion, the incidence of 
in-hospital reinfarctions, the need for emergency pro- 
cedures (coronary angioplasty, bypass operation, elec- 
troconversion, pacemaker insertion or cardiopulmonary 
resuscitation), congestive heart failure at discharge and 
mortality were all higher among the patients in the in- 
vasive treatment group. The total rate of complications 
was 36 and 27% in the invasive and conservative groups, 
respectively, but this difference was not significant. A 
similar trend in favor of the patients in the conservative 
treatment group was also observed when patients with 
and without increased risk were analyzed separately 
(Table II). 

Left ventricular function: Immediate radionuclide 
ventriculography data were available for 85 and 90% of 
the patients in the invasive and the conservative groups, 
respectively. Predischarge radionuclide ventriculog- 
raphy data were available for 94 and 92% of the pa- 
tients in the conservative and invasive groups, respec- 
tively. There was no difference between treatment 
groups in the mean immediate or predischarge radionu- 
clide left ventricular ejection fraction whether the pa- 
tients did or did not have an increased risk (Table IV). 
Resting left ventricular ejection fraction and its change 
after exercise were also similar 8 weeks after admission 
in the 2 groups (Table IV). 

Follow-up: Mean follow-up periods did not differ 
significantly for the patients in the invasive and conser- 
vative treatment groups (19 + 4 and 21 + 4 months, 
respectively). During clinic visits, the prevalence of an- 
ginal syndrome (13 vs 14%) and congestive heart failure 
(2 vs 3%) were similar in both groups. The incidence of 
positive effort-tolerance test results during radionuclide 
ventriculography was 19% for both treatment groups. 
The lack of difference between the invasive and conser- 
vative treatment groups persisted when the analysis was 





TABLE V Mortality in the Invasive and Conservative Groups 
with Relation to Catheterization 


Treatment 


Conservative 
(n = 104) 


Invasive 


(n = 97) ap Value 


Total mortality 8 
Mortality during initial hospitalization 
<72 hours 
272 hours 
During follow-up 
Cardiac 
Noncardiac 
Total occurring 72 hours 
or later* 


* Cardiac mortality >72 hours. the time of the scheduled angiography in the 
invasive group. 
NS = not significant. 


separately conducted for the patients with and without 
increased risk. 

A significantly higher incidence of rehospitalization 
was observed among patients assigned to the conserva- 
tive treatment group than in the invasive treatment 
group (29 vs 16%) (p = 0.04). Rehospitalizations were 
more frequent among patients with a history of angina 
before the initial hospitalization compared with those 
without such history in both the invasive (33.3 vs 
10.1%) and conservative (38 vs 20%) (p = 0.005). Most 
of the patients who were rehospitalized in the conserva- 
tive group had no history of angina, but this trend was 
not significant (p = 0.12). 

A multivariate analysis was conducted to identify 
patients with increased risk for rehospitalization. This 
analysis took into account the following variables: study 
group, age, sex, infarct location, history of angina pecto- 
ris, diabetes mellitus, extent of coronary vessel disease, 
coronary angioplasty, immediate and discharge radio- 
nuclide left ventricular ejection fraction, and reinfarc- 
tion during initial hospitalization. A history of angina 
pectoris was the only independent predictor of rehospi- 
talization (relative risk 3.87, p <0.01). Among the 128 
patients who underwent coronary angiography, 67% of 
those with a history of angina had 2- to 3-vessel coro- 
nary artery disease compared with only 40% of the pa- 
tients without a history of angina (p = 0.03). 

During the follow-up period, 3 patients in the inva- 
sive group and 4 patients in the conservative treatment 
group had acute reinfarctions. 

Mortality: Nine patients died before discharge, 5 
among the 97 patients assigned to the invasive group 
(5%) and 4 among the patients assigned to the conser- 
vative group (4%) (Table V). Of these, 2 of the deaths 
in the invasive group and all 4 of the deaths in the con- 
servative group occurred within the first 72 hours after 
enrollment; that is, before the scheduled angiography in 
the invasive group. In the invasive group, 3 deaths oc- 
curred 72 hours or later after admission and 2 of these 
deaths occurred shortly after coronary angiography or 
angioplasty; 1 patient had asystole followed by resistent 
ventricular fibrillation and death, and the other had a 
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ruptured myocardit.m the day after coronary angiogra- 
phy was performed Both patients were stable hemody- 
namically before the invasive procedure. 

Three more dea_hs occurred during the follow-up pe- 
riod, all among pat ents in the invasive group. Of these, 
2 were of cardiac cause and 1 was caused by magnan- 
cy. Two cardiac deaths occurred in patients who under- 
went coronary artery bypass operations and 1 of them 
died only a few da*s after a seemingly successful opera- 
tion was performec. The total mortality rate for zhe fol- 
low-up period in the invasive group was thus double that 
for the conservatie group, but the difference did not 
reach significance {8 vs 4%, p = 0.15). However, 5 of 
the total 8 deaths -n the invasive group and none of the 
4 total deaths in the conservative group occurred after 
the time of the scneduled angiography in the invasive 
gioup. When only the rates of these deaths wee com- 
pared, the excess roriality in the invasive group Decame 
significant (5 of $} vs 0 of 100, p = 0.02). 


DISCUSSION 

Recently it has been shown that angioplasty inmedi- 
ately after successful thrombolysis does not augment 
clinical outcome «1d is associated with a higher rate of 
coniplications.4° “hese cuniplications may be due to 
intraluminal throiabi, intimal disruption, subintunal he- 
matoma or platel-t agyregation—-characteristics of the 
infarct artery that-may resolve with time. Thus, the lack 
of benefit conferred by angioplasty in the ECSG and 
the TIMI IIB triéls might have been due to the timing 
of the procedure, which in 1 trial immediately -ollowed 
thrombolysis and :n the other was performed early after 
thrombolysis. Because angioplasty can be delayed for a 
few days in most patients who receive thrombolytic 
therapy, the question remained whether routine late 
catheterization night still be superior to conservative 
management. 

Our study adlressed this question by delaying the 
cardiac catheterization of patients randomized to our 
invasive treatmerm group by 272 hours after enrollment 
(mean 5 days). V’e found that even when routne angi- 
ography and angoplasty were delayed, it conferred no 
benefit when ccnpared with conservative treatment 
consisting of angMgraphy and angioplasty only when in- 
dicated by recur ent postinfarction angina or exercise- 
induced ischemic. 

Our results ave consistent with those of 2 previous 
studies comparing invasive and conservative treatments 
after thrombolyt.c therapy with rt-PA. In the ECSG 
trial,° 367 patieris were randomly assigned to immedi- 
ate (median, 42 minutes after treatment initiation) an- 
giography and a.gioplasty, or to an identical conserva- 
tive treatment that omitted routine angiography. In the 
TIMI IIB trial, 3,262 patients were randomized into 
invasive treatment that consisted of coronary angiogra- 
phy and angiopasty performed a mean of 32.5 hours 
after treatment initiation, and conservative -reatment 
with angiograph- and angioplasty only for patients who 
had spontaneou or exercise-induced ischemia. In the 
TIMI trial, 25% of the patients in the conservative limb 
had interventiors at 42 days, whereas only 65% of pa- 
tients in the in-asive limb actually underwent angio- 
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plasty or operation. In both studies, conservative man- 
agement was associated with a lower rate of complica- 
tions and a nonsignificant decrease in mortality. 

Despite the threefcld higher incidence of bypass sur- 
gery and twofold higher incidence of angioplasty, 10- 
month mortality was not improved in the invasive treat- 
ment group compared with the conservative treatment 
group. In addition, left ventricular function was not im- 
proved among the survivors in the invasive treatment 
group compared with survivors in the conservative 
group. Furthermore, patients in the conservative group 
had fewer reinfarctions, emergency procedures, bleed- 
ing complications and incidences of congestive heart 
failure at discharge than patients in the invasive group, 
although these differences were not significant. 

Guciei ct al!’ and the TIMI IB investigators’ docu- 
uted an increase in left ventricular ejection fraction 
from rest to excrcise in postinfarction patients assigned 
to angioplasty. In coatrast, we found only a small and 
insignificant increase in left ventricular ejection fraction 
among patients who had angioplasty during the exercise 
radionuclide ventriculography performed at the 2- 
month follow-up visit. 

We have no explanation for the similarities in coro- 
nary anatomy between the patients in the invasive 
group, all of whom underwent angiography regardless 
of their clinical status, and the patients in the conserva- 
tive group who were selected for catheterization because 
of clinical signs of myocardium at risk. These results 
once again demonstrate the lack of correlation between 
the severity of clinical symptoms and angiographic pat- 
terns and strengthen our conclusion that the decision to 
proceed to mechanical revascularization should be 
based on both clinical and angiographic indicators, rath- 
er than just on the severity of the infarct-artery lesion. 

There was a significantly higher rate of rehospital- 
izations in patients assigned to the conservative treat- 
ment arm. Preinfarction angine pectoris was significant- 
ly associated with an increase in rehospitalization in 
both invasive and conservative treatment groups, even 
after all related variables were accounted for. In fact, 
history of angina was the only independent predictor of 
rehospitalization. Miultivessel coronary disease was 
more prevalent in patients with a history of angina than 
in those without such history, an observation consistent 
with an earlier study.!! Thus, the increase in rehospital- 
izations among patients with angina may stem from a 
poorer baseline coronary anatomy. This theory is also 
consistent with an earlier observation that in patients 
with a first acute MI, preinfarction angina is signifi- 
cantly associated with a higher incidence of postinfarc- 
tion angina, as well as a higher mortality 3 years after 
the initial hospitalization. !* 

Our data indicate that selective coronary interven- 
tion in patients for whom invasive treatment is indicated 
by clinical signs is associated with a clinical outcome at 
least as good as that obtained by routine coronary inter- 
vention for all patients, regardless of whether the inter- 
vention is performed early or late during hospitalization. 
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Prognostic Use of a QRS Scoring System After 
Hospital Discharge for Initial Acute Myocardial 
Infarction in the Framingham Cohort 


Michael G. Jones, JD, Keaven M. Anderson, PhD, Peter W. F. Wilson, MD, 
William B. Kannel, MD, Nancy B. Wagner, BA, and Galen S. Wagner, MD 


Myocardial infare{ size is an important risk factor 


for survival after acute myocardial infarction | AMI). 
The purpose of this study was to determine tke 
prognostic value cf myocardial infarct size, as esti- 
mated by the Selvester 54-criteria/32-point QRS 
scoring system, in the Framingham cohort. During 
the first 30 years of the Framingham Heart Study, 
a total of 384 participants developed an AMI re- 
quiring hospitalization; from this group, 243 pa- 
tients met the following inclusion criteria: (1) no 
electrocardiographic changes due to a previous in- 
farction, (2) survival >3 days after discharge from 
the AMI hospitalization and (3) no electrocardio- 
graphic evidence pf conduction disturbances or 


ventricular hypertrophy at the time of their final in- 


hospital electrocardiogram. Univariate and multi- 
variate analyses were performed to test the associ- 
ation of the QRS score, and other associated risk 
factors, with time until coronary heart disease- 
related death. QFS score was found to be signifi- 
cantly associated with outcome (p = 0.03), as was 
the systolic blood pressure before infarction (p 
>0.001). Both urivariate and multivariate analysis 
showed that a history of systolic hypertensicn was 
the variable mosi strongly associated with coronary 
heart disease-related death. Thus, identification of 
AMI survivors at high risk for subsequent mortality 
can be improved by routine blood pressure mea- 
surement before AMI, and QRS scoring of the elec- 
trocardiogram taken at hospital discharge. 

(Am J Cardiol 1990;66:545-550) 
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others*+® indicate high early mortality rates af- 

ter acute myocardial infarction (AMI). Kannel 
et al! reported 1-year mortality rates of 20% for men 
and 45% for women experiencing their first AMI. Such 
mortality rates are closely related to both the amounts 
of infarcted”? and of persistently jeopardized myocardi- 
um.’ Several techniques exist for estimating the amount 
of infarcted myocardium; one method that is readily 
available and adaptable to population- and community- 
based studies is the Selvester 54-criteria/32-point QRS 
scoring system,!° which uses the standard 12-lead elec- 
trocardiogram. 

Previous reports using the Selvester scoring system 
have determined its specificity in normal subjects,!%!! 
validated its accuracy with anatomical techniques for 
estimating AMI size!?-!4 and compared it to predicted 
ejection fraction after AMI.!>-!8 Biochemical!®!7:!9 and 
angiographic!®!8 correlations have been made, and the 
QRS score has been tested as an index for survival after 
AMI.?:!6 The present study evaluates the prognostic sig- 
nificance of the Selvester scoring system in a cohort of 
patients after their first AMI in the context of other 
clinical data availatle from the Framingham Heart 
Study.!2 3 


R st: from the Framingham Heart Study!-? and 


METHODS 

inclusion criteria: Three hundred eighty-four Heart 
Study participants had been judged on the basis of chest 
pain and electrocardiographic changes to have an initial 
clinically documented AMI during the first 36 years 
of follow-up. Twenty-four patients with the following 
electrocardiographic abnormalities were not included in 
this study because similar patients have routinely been 
excluded from previous QRS scoring validation stud- 
ies!9-14: left or right ventricular hypertrophy, left or 
right bundle branch block, left axis deviation (2=—45°), 
right axis deviation (2+120°) or ventricular pacing 
(Table I). After careful review, we included the 243 pa- 
tients who met historical and electrocardiographic crite- 
ria for initial AMI diagnosis, had evaluable medical 
records and survived through the third hospital day af- 
ter the AMI. Previous studies have shown that patients 
can be expected to achieve their stable level of QRS 
changes by the third day after AMI.?° 

Myocardial infarction diagnosis: The medical rec- 
ords of Heart Study participants were reviewed after 
each biennial examination for indications of cardiovas- 


J 


è 
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cular disease. An AMI was diagnosed when there was 
prolonged chest pain that resulted in hospitalization. (or, 
in the earliest years, immediate medical attention) with 
_ serial electrocardiographic changes including: transient 
ST-segment elevation with subsequent T-wave inversion 
and persistent loss of initial positive QRS forces. The 
decision regarding AMI diagnosis was reached by a 
panel of Framingham investigators according to estab- 
lished Heart Study definitions and protocol.?!-?3 

QRS scoring: The complete 54-criteria/32-point 
Selvester QRS scoring system!’ was applied to the final 
in-hospital standard 12-lead electrocardiogram that had 
been obtained for each patient. Each point in the scor- 
ing system represents an infarction of approximately 3% 
of the left ventricle.246 After QRS scoring of each 
electrocardiogram, patients were classified according to 
the estimated size of their AMI: small, <10% (0 to 3 
points); moderate, 10 to 21% (4.to 7 points); and large, 
>21% (28 points). The 3 breakpoints were selected be- 
fore any survival analysis was performed and subse- 
quently are referred to as the “classified QRS scores.” 
This variable was then coded 1, 2 or 3 and a coefficient 
was estimated in the regression analysis. The rationale 
for this breakdown was to attenuate the growth in rela- 
tive risk, which might be quite. substantial using the 
QRS score as a continuous variable in the subsequent 
analyses. 

Covariables: From sonic ores files the following 
information was retrieved for the biennial examination 
preceding, and that following, each patient’s initial 
AMI: (1) history of peripheral vascular disease (claudi- 
cation, transient ischemic attach or stroke), (2) total se- 
rum cholesterol level (mg/dl), (3) obesity (Metropolitan 
relative weight), (4) systolic blood pressure, (5) system- 
ic hypertension (sitting pressure exceeding 160/95 mm 
Hg), (6) smoking habit (cigarettes /day), (7) electrocar- 
diographic evidence of left ventricular hypertrophy and 
(8) history of diabetes mellitus. Information preceding 
the AMI taken from up to 3 biennial examinations be- 
fore the AMI. 

Records from the AMI hospitalization were exam- 
ined for the presence of the following variables: (1) 
AMI location, (2) worst Killip classification of heart 


FIGURE 1. Coronary heart disease-related 
death rate (CHD death rate)/day after ini- 
tially diagnosed acute myocardial infarc- 
tion (AMI) electrocardiogram (ECG) in 
243 patients studied. 
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TABLE | Evaluable Patients 


Recognized MI. 
Conduction abnormalities 
AMI prior to admission 
No AMI (by ECG review) 
Silent AMI (by ECG review) 
Died during hospitalization 
Insufficient recerds 
Total exclusions 
Evaluable 


AMI = acute myocardial infarction; ECG = electrocardiographic. 


failure?’ during the AMI hospitalization, (3) electrocar- 
diographic evidence of second- or third-degree atrioven- 
tricular block, (4) electrocardiographic evidence of ven- 
tricular tachycardia, (5) AMI extension diagnosed by 
recurrence of pain with subsequent new Q-waves or ap- 
propriate enzyme changes and (6) cardiac arrest. 
Variables 3, 4 and 5 were considered “present” when 
documented in the record, “absent” when not men- 
tioned in a complete record and “unknown” in an in- 
complete récord. Cardiac arrest was considered absent 
if not spécifically mentioned, regardless of the quality of ` 
the record. In 56 patients (25%) no Killip classification 
could be determined from the medical record; because 
of this difficulty, Killip classification was not added to 
any of the multivariate analyses as a tested variable. 
The date and cause of death were recorded for each 
patient. Follow-up from the AMI hospitalization was 
divided into 2 periods based on the shape of the cardiac- 
related time-mortality curves (Figure 1). The point of 
final curve flattening was used to divide follow-up into 
“early” and “late” periods. From time of infarction, this 
point of flattening in the mortality curves appeared just 
after 60 days after discharge. Therefore, the interval be- 
tween days 4 and 60 was considered the “early” time of 
high and changing mortality and that after day 60 the 
“late” time of low and stable mortality. This differentia- 
tion was consistént with a prior study that identified dif- 
ferent predictors for early versus late mortality.’ 
Statistics: Logistic regression was used to test for 
associations between risk factors and death from any 
cause within the early follow-up period. For the remain- 
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TABLE II Mean Precscharge QRS Scores _ 


Women 









Mean 
ORS Score 






Mean 


ORS Score Number 







AMI location , 
Anterior 69 7.4 33 6.8 








Inferior 96 6.1 32 5.8 

Post/lateral 9 7.4 4 6.8 
AMI extension 

No 97 6.5 40 6.2 

Yes 13 9.3 4 7.0 






AMI = acute myocardial inarction. eer 


ing analyses, time ‘rom the AMI until coronary heart 
disease-related dea-h was the outcome of interest. Sur- 
vival of ‘individuals not dying of heart disease was cen- 
sored at their death date or at the eighteenth Heart 
Study examination. 

Cox’s proportioaal hazards model,. as implemented 
by Harrell,”® was used for testing the associations of the 
covariates with tim: until death. Associations of sex and 
age with time until death were performed to determine 
if the correlations were consistent in men and women 
and at all ages. Un-variate tests of association were per- 
formed for each covariate of interest. The backward 
stepwise procedure provided by Harrell was used for 
multivariate analy-is of the risk factors. The p value 
used for inclusion cf variables in the multivariate model 
was 0.1. Least-squares regression analysis was used to 
test for differences in predischarge QRS scores with the 
covariables. 


RESULTS 

The median ag: of the participants was 57 years for 
the 174 men (rang=: 37 to 85 years with 77% >€5 years 
at AMI), and 65 ¥ears for the 69 women (range: 43 to 
86 years with 46% >65 years at AMI). There was a 
50% coronary heert. disease-related death rate and a 
23% other death ate during the prolonged follow-up 
period, Non-fatal complications were relativel infre- 
quent, reflecting tae community basis of the Framing- 
ham Heart Study. 

Table II lists the results of the QRS sccring of 
the final predischerge electrocardiograms. Prédischarge 
scores ranged fror 0 to 16, with a 25th percentile of 4, 
median of 6 and 75th percentile of 9. QRS scores were 
highest in the younger patients, intermediate in the old- 
er patients and Icvest in those ponents in the middle 
age range. 

The test for any difference ‘in QRS score by age 
group was significant for men (p >0:01), but not for 
women. Individu_l age-group comparisons :n men 
showed the 55- to 34-year-old group to have significant- 
ly lower scores than either of the other 2 age groups. 
Testing for differences in QRS score after adjusting for 
age showed that nen with inferior AMIs had signifi- 
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TABLE III Time Until CHD Death Univariate Cox Regression 
Coefficients 


Variable Men* Women* All? 


Measurements taken during MI hospitalization 
ORS score 0.07? 
ORS score (classified) 0.468 
QRS >3 1.508 
CHF Killip class . 
MI extension 
second-degree block 
Third-degree block 
Inferior MI 
Ventricular tachycardia 


0.01 
0.17 
—0.25 
1.10 
—6,30 
~7.70 
—5.4 
~0.42 
O41 


Measurements taken before or during MI hospitalization 


0.01 
0.0035 


0.01 
—0.012 
0.023 
0.20 
0.022 
0.67 
1.00 
120+ 


Metric relative weight 
serum cholesterol 
Systolic BP 
Systemic hypertension 
Cigarettes /day 
Smoker 
LVH by ECG 
Diabetes mellitus 

* Analyses stratified by: age-group (<55, 55-64, 265). 

t Analyses s stratified by age-group (<55, 55-64, 265) and sex. 

tł p <0.05; $ p <0.01. 

BP = blood pressure; CHD = congestive heart disease; CHF = congestive hous 


failure; ECG = electrocardiogram LVH = left ventricular hypertrophy; Mi = myocardi- 
al infarction. ao 2 





cantly lower scores than those with anterior infarctions 
(p = 0.02). The trend was the same in women, but the 
difference was not significant. As oñe might expect, af- 
ter adjusting for age and sex differences, those with 
AMI extension demonstrated significantly higher QRS 
scores than those without such extensions. 

No significant association could be ascertained be- 

tween QRS score and mortality during the early follow- 
up period. The only variable that achieved prognostic 
significance for this pzriod was Killip classification. Ta- 
ble III summarizes the univariate Cox regression coeffi- 
cients for the late period. Both the raw and the classi- 
fied QRS scores showed a significant association with 
time until coronary heart disease-related death in the 
univariate analysis (p >0.05). These relations, however, 
attained significance only in men. 
_ The multivariate model for men included only coef- 
ficients for QRS score and systolic blood pressure be- 
fore the AMI and CRS score. Table IV lists the Ka- 
plan-Meier estimates of 10-year coronary heart disease 
mortality for men according to age, QRS score and sys- 
tolic blood pressure. When the QRS score is <3, there 
is no mortality in the youngest patients and low mortali- 
ty in both older groups. Too few women were available 
to perform an analysts similar to the multivariate model 
applied to the men. 


DISCUSSION 

The consensus of previous studies is that a patient’s 
AMI size and severity of the coronary artery disease are 
2 of the most impcrtant predictors of survival after 
AMI.®-8.29-32 The latter most likely is related to its 
threat to remaining viable myocardium, as would be in- 
dicated by angina after AMI,” resting ST depression?? 
or a positive stress test.?435 Infarct size may affect mor- 
tality in 2 distinct ways: large infarcts may result in left 


ng A ARR IS, 


ventricular failure or an “arrhythmogenic myocardi- 

” Either condition may cause death, even in the ab- 
sence of any subsequent ischemic event. 

Califf et a37 have documented associations be- 
tween the amount of infarcted myocardium (as indicat- 
ed by either QRS: changes or wall motion abnormali- 
ties), a high level of ventricular premature beats on 
Holter monitoring and sudden death. Bolick et al?! have 
attempted to identify the specific anatomical character- 
istics of those patients who die after an AMI either with 
or without prior documented ventricular tachycardia. 
Those with ventricular tachycardia have larger. infarcts, 
greater aneurysmal dilatation and more ventricular oa 
pertrophy. 

Lown and Wolf? have found that exercise tests are 
poor predictors of the development of ventricular tachy- 
cardia or fibrillation in patients with poor ventricular 
function and frequent premature beats. Several experi- 
mental studies*’*? have demonstrated that large, but 
not small, remote infarcts lower the threshold to-ventric- 
ular fibrillation in the absence of further myocardial 
ischemia. 

In the present study, death within 60 days of the 
AMI was not associated with the QRS score. This re- 
sult is consistent with that reported by Waters et al,? 
which identified different predictors for early versus late 
mortality. In that study, however, follow-up periods 
were divided into first and second vears rather than into 
intervals of steep and flattened portions of time-mortali- 
ty curves. A relatively long time would be expected to 
elapse between an initial AMI and death from heart 
failure. The time after AMI when the “arrhythmo- 
genic” myocardium most likely might precipitate ven- 
tricular fibrillation has not been established. However, 
etiologic factors that require time to develop, such as 
aneurysm formation” and periinfarction hypertrophy,” 
have been implicated. 

The other principal cause of mortality after AMI, 
residual ischemia, has been shown to be ‘most important 
during the initial period. The Waters study identified 
residual ischemia as most prognostic during the first 
year, and QRS-estimated infarct size as most prognostic 
during the second year after AMI.’ Indeed, QRS score 
had little prognostic ability during the earlier period af- 
ter AMI. It is likely that future studies will document a 
transition period during the first year after when the 
most significant pathophysiologic risk factor changes 
from residual ischemia to AMI size. 

Univariate analysis showed that the classified QRS 
score imparted an increased relative risk as the size of 
the infarction increased from small to moderate to 
large. The QRS score was originally classified in this 
way because it was anticipated that the Cox model 
would not show a statistically significant association be- 
tween raw QRS score and time until coronary heart dis- 
ease-related death. Using the actual QRS score, how- 
ever, the Cox model did show a statistically significant 
result (p = 0.05). 

This study has reaffirmed the long-standing associa- 
tion of preexisting hypertension with mortality after 
AMI; Kannel et al! reported that blood pressure levels 
in a group of 193 hypertensive men, preceding an initial 
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TABLEIV Kaplan-Meier Estimates of CHD Death by Age 
Group 


Age at AMI 


Classified ORS Score 
$3 0 18 13 
(1/9) (6/18) (1/7) 
44 17 85 
(16/23) (14/25) (10/18) 
z8 37 44 
(15/33) (13/19) 
Systolic blood pressure before AM! 
<140 27 25 
(15/37) (17/33) 
z140 47 28 
l (17/28) (16/29) 115/30) 
Numbers in parentheses reprasent the total number of CHD deaths observed for 
ali follow-up and total number followed for each group with non-missing values, Other 


numbers are percentages. 
AMI = acute myocardial infarction; CHD = congestive heart disease. 


an 


AMI, were related to survival. In that study, previously 
hypertensive patients were found to have almost 3 times 
the mortality of normotensive patients; however, blood 
pressure levels after recovery from the initial AMI were 
unrelated to subsequent 5-year survival. 

Although any predictive technique has limitations, 
the Selvester QRS scoring system at the time of hospi- 
tal discharge from an initial AMI can supply useful in- 
formation. In particular, measurement of the QRS 
score in the immediate postinfarction period is predic- 
tive of long-term outcome. Prognostic factors based on 
the amount of residually ischemic myocardium, rather 
than those related to the amount of already infarcted 
myocardium, wouid be expected to have their maximal 
value during the earlier period. 
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Comparison of Early Exercise Treadmill Test and 
Oral Dipyridamole Thallium-201 Tomography for 
the Identification of Jeopardized Myocardium in 
Patients Receiving Thrombolytic Therapy for 
Acute Q-Wave Myocardial Infarction 


Avanindra Jain, MD, Rachelle R. Hicks, CNMT, Diane M. Frantz, BSNRN, G. Hunter Myers, MD, 
and Matthew W. Rowe, MD 


Thrombolytic therapy has become the treatment of 


choice for patients with acute myocardial infarc- 
tion. Researchers are not yet able to identify pa- 
tients with salvage of myocardium who are at risk 
for recurrent coronary events. Thus, a prospective 
trial was performed in 46 patients with myocardial 
infarction (28 anterior and 18 inferior) who re- 
ceived thrombolytic therapy to determine if early 
thallium tomography (4.7 days) using oral dipyrida- 
mole would identify more patients with residual 
ischemia than early symptom-limited exercise 
treadmill tests (5.5 days). 


There were no complications during the exercise 


treadmill tests or oral dipyridamole thallium tomog- 
raphy. Mean duration of exercise was 11 + 3 min- 
utes and the peak heart rate was 126 beats/min. 
Thirteen patients had positive test results. After 
oral dipyridamole all patients had abnormal thalli- 
um uptake on the early images. Positive scans with 
partial “filling in” of the initial perfusion defects 
were evident in 34 patients. Angina developed in 
13 patients and was easily reversed with intrave- 
nous aminophylline. 

Both symptom-limited exercise treadmill tests 
and thallium tomography using oral dipyridamole 
were safely performed early after myocardial in- 
farction in patients receiving thrombolytic therapy. 
Thallium tomography identified more patients with 
residual ischemia than exercise treadmill tests (74 
vs 28%). Further studies are required to determine 
whether the results of thallium tomography after 
oral dipyridamole can be used to optimize patient 
management and eliminate the need for coronary 
angiography in some patients. 

(Am J Cardiol 1990;66:551-—555 
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ment of choice for most patients presenting in 

the early hours of acute myocardial infarction. 
Because of the incomplete nature of their myocardial 
infarction, many patients are at risk for recurrent cardi- 
ac events; thus, it is important to identify these patients 
early.!-3 In patients receiving thrombolytic therapy, 
clinical and laboratory variables are helpful but they 
cannot be used reliably to identify patients with reper- 
fused coronary arteries.4 Although coronary angiogra- 
phy can be performec in all patients to determine the 
patency of the infarct vessel, and balloon angioplasty 
can be used in patients with suitable anatomy, this ap- 
proach has not been fcund to be superior to the conser- 
vative strategy of intervention only in patients with re- 
current ischemia.>~!° Because of baseline electrocar- 
diographic abnormalities, antiischemic therapy and di- 
minished exercise tolerance after myocardial infarction 
due to prolonged bed rest, we hypothesized that thalli- 
um imaging using oral dipyridamole, which is indepen- 
dent of these factors, may be superior to exercise tread- 
mill tests.!!-'> We performed a prospective study to de- 
termine whether dipyridamole thallium imaging early 
after myocardial infarction would identify more patients 
with ischemia than symptom-limited exercise treadmill 
tests. Oral dipyridamol2 was used since intravenous di- 
pyridamole is not yet approved by the Food and Drug 
Administration. 


[nent oft therapy has now become the treat- 


METHODS 

All patients who w2re given thrombolytic therapy 
and were treated by one of us (AJ) between December 
1987 and March 1989 were entered into this study. We 
identified 58 patients, but 12 patients were subsequently 
excluded for the following reasons: 2 died before the 
study, 4 had spontaneous ischemia with electrocardio- 
graphic changes necessitating intervention, 1 had bi- 
lateral lower limb amputation, 1 refused the study, 3 
had non-Q-wave infarctions and 1 had previous bypass 
surgery. Coronary angiography was performed before 
both tests between 1 and 4 days. No patient was exclud- 
ed from the study as a -esult of the angiographic find- 
ings. 

Coronary angiography, thallium tomography using 
oral dipyridamole, and symptom-limited exercise tread- 
mill tests were performed in 46 patients (35 men and 11 
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TABLE I Results of tae ETT and DP-TI (n = 46) 


ETT DP-TI 


Days after infarction 5.5 (range 3-10) 4.7 (range 3-11) 
78 


HR “rest” (mean beats/min) 80 

HR "peak" (mean 126 85 
beats/min) 

BP “rest” (mean mm Hg) 111 121 

BP “peak” (mean mrn Hg) 149 114 

Duration (minutes) lif{range3~15)  — 

Chest pain 17 13 

Myocardial ischemia 13 34 
infarct zone only — 22 
Infarct and non-infarcrzore — 7 
Non-infarct zone only — 5 


BP = blood pressure; DP-Tl = oral dipyridamole thallium tomograph;, ETT = 
exercise treadmill test; HR = heat rate. 


women). Mean age wes 55 years (range 35 to 71). Four 
patients had a history of myocardial infarction Mean 
time from the onset cf chest pain to administration of 
intravenous thrombolvtic therapy (44 tissue plasmino- 
gen activator and 2 streptokinase) was 2.8 hours. Twen- 
ty-eight patients (61%) had anterior wall acute myocar- 
dial infarction and 18 patients (39%) had an inferior 
wall myocardial infarction. Mean peak creatine kinase 
was 1,791 IU/liter (range 200 to 6,500). 

Coronary angiography: Coronary angiography and 
ventriculography were performed using the Judkins 
technique. Significant stenosis was defined as >50% 
narrowing in 1 or more of the epicardial coronary arter- 
ies. Left ventricular engiograms were performed in the 
30° right anterior oblique projection. 

Exercise treadmill tests: Symptom-limited exercise 
treadmill tests were performed using an autometed pro- 
grammable treadmill. The modified Bruce protacol was 
used in 43 patients and the standard Bruce protocol in 3 
patients. The exercise test was considered positive if 
there was a flat or downsloping ST-segment depressian 
of =1 mm. It was considered negative if there was <1 
mm of ST-segment depression at a heart rate of >85% 
predicted for age. The exercise test was considered non- 
diagnostic if there was no significant ST-segment de- 
pression at a heart rate of <85% predicted for age. De- 
velopment of chest pain was noted, but was nct consid- 
ered positive for ischemia. 





Dipyridamole thallium tomography: On the day of 
study, all patients received their oral medications with 
sips of water. After placement of an intravenous line, 
patients received 300 mg of ora! dipyridamole tablets, 
which were crushed and mixed in 50 ml of water. Leads 
II, V; and V5 were continuously recorded while the pa- 
tients were in the nuclear cardiology laboratory. A 12- 
lead electrocardiogram, blood pressure and heart rate 
were recorded at baseline and then every 15 minutes for 
45 minutes. Thalltum was injected at 45 minutes, or 
earlier, if there was significant angina or evidence of 
myocardial ischemia on the electrocardiogram. Intrave- 
nous aminophylline (50 to 150 mg) was administered 
over 1 to 2 minutes at least 5 minutes after thallium 
injection to patients who developed chest pain or evi- 
dence of ischemia as manifested by ST-segment depres- 
sion. Early tomographic images and the delayed (4- 
hour) redistribution images were obtained in all pa- 
tients. Repeat images were obtained at 24 hours in 
patients with no evidence of redistribution on the 4-hour 
images. 

Tomographic images were obtained using a rotating 
gamma camera (GE-STARCAM). An arc of 180° was 
used, spanning from 45° left posterior oblique to the 
45° right anterior oblique positions. The myocardial 
segments were visually interpreted in the short, horizon- 
tal long and vertical long axes for the presence of perfu- 
sion abnormalities and redistribution by 3 physicians 
who were unaware of the results of coronary angiogra- 
phy. The septum and the anterior segments corre- 
sponded to the left anterior descending coronary artery, 
the inferior and posterior segments corresponded to 
right coronary artery, and the lateral segments corre- 
sponded to the circumflex coronary artery. The apex did 
not define any particular vascular distribution. 

Statistical methods: Data are reported as mean + 
standard deviation. Comparison of discrete variables 
was made using paired f test. A p value <0.05 was con- 
sidered significant. 


RESULTS 

Coronary angiography: Leit ventricular angiograms 
in the right anterior oblique projection showed ventricu- 
lar asynergy in all patients. Mean global ejection frac- 
tion was 49% (range 26 to 77%). One patient had a 50% 


TABLE II Comparison of the Positive and Negative Exercise Treadmill Tests (ETT) anc Ischemic and Nonischemic Single-Photon 


Emission Computed Tomography (SPECT) 


Pts 

Age (yrs) 

Meds -8 

Peak CK 2,072 + 1,520 
EF (%) 

Diseased vessels 

S/P MI days 

Duration (min) 

Chest pain 

“Stress” HR (beats/min) 
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p Value SPECT + 
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2,846 + 1,727 










patients had 1-vessel disease, and 2 patients 
arrowing of <50% diameter. The infarct- 















elate | vessel was the left anterior descending in 28 pa- 


tients, the right coronary artery in 16 patients and the 

circumflex coronary artery in 2 patients. The infarct- 

related vessel was open with Thrombolysis in Myocardi- 

al Infarction grade 2 or better flow in 32 patients (70%) 

` (left anterior descending in 20 of 28, right coronary ar- 
tery in 11 of 16 and the circumflex coronary artery in | 
of 2 patients). Mean residual stenosis of open infarct- 
related vessels was 86%. All patients with totally occlud- 
ed infarct vessels had collaterals filling the distal seg- 
ments. Only 4 patients with an open infarct-related ves- 
sel had a residual stenosis of <70%. 

Treadmill exercise stress tests: Symptom-limited 
exercise treadmill tests were performed at a mean of 5.5 
days (range 3 to 10 days) after myocardial infarction. 

All patients were receiving cardiac medications (20 6- 
- adrenergic blockers, 25 calcium antagonists and 36 ni- 
trates) and none were receiving digoxin. No patient had 
a left bundle branch block. During the study no patients 
developed ventricular tachycardia, hypotension or a pro- 
longed episode of angina requiring intervention. Exer- 
cise was terminated for the following reasons: severe 
> -dyspnea or claudication (41), severe angina (3) and ST- 
-=c segment depression of >2 mm (2). Mean duration of 
exercise was 11 minutes (3 to 15 minutes). The heart 
rate and the blood pressure significantly increased from 
80+ 15 to 126 + 20 beats/min and 111 + 12 to 149 + 
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sease, 14 patients had 2-vessel 









13 patients (Table 1), 
creasing ST elevation v 













rate at peak exercise even though they exercised for a 
mean duration of 11 minutes, which was not significant- 
ly different then the remaining patients. It was often 
difficult to be certain if the chest pain in these 10 addi- 
tional patients was similar to the infarction pain. There- _ 
fore, only 13 (28%) patients were considered to havea 
positive test. Patients with positive tests had a lower = 
peak creatine kinase (1,143 vs 2,072 IU/liter [p 
<0.01]), but the ejection fraction was similar (50 vs 
49% [difference not significant]). Mean number of cor- 
onary arteries with stenosis >50% was similar in pa- 
tients with positive and negative tests 2.0 versus 1.7 (dif- ~ 
ference not significant), respectively. Patients with posi- 
tive tests exercised for shorter duration (10 vs 11 
minutes [difference not significant]) and to lower heart 
rates (114 vs 131 beats/min [p <0.01]) than patients 
with negative tests (Table II). 

Oral dipyridamole thallium tomography: Oral dipy- 
ridamole thallium tomography was performed at a 
mean of 4.7 days (range 3 to 11) after myocardial in- 
farction. All patients were receiving anti-anginal medi- 
cations. After ingestion of 300 mg of oral dipyridamole, 
there was a significant increase in heart rate from 78+ = 
13 to 85 + 14 beats/min (p <0.05) and a significant 
decrease in the blood pressure from 121 + 15 to 1144 
16 mm Hg (p <0.05) (Table I). None of the patients. — a 
developed ventricular arrhythmias or significant hypo 
tension nor did any patients have any evidence for rein- 
farction by electrocardiogram or reelevation of creatine 
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hemia without symptom. The Seaton af angina 
-and ST-segment changes in these 14 patients resolved 
promptly with the acministration of aminophylline (75 
to 150 mg). Due to severe headache, 6 additional pa- 
ients received amincphylline. 
- Abnormal thallium tomographic i images with dimin- 
- ished thallium uptake were present in all patients. Par- 
< tial redistribution of thallium on the delayed (4 hours) 
images was evident in 32 patients. Of patients with no 
redistribution at 4 hours, only 2 had partial “filling-in” 
< at 24 hours. Thus, 34 patients (74%) had residual isch- 
- emia after myocardial infarction (Table I). Of these 34 
patients, 22 had redistribution only in the vascular terri- 
tory of the infarct vessel. In 7 patients, redistribution 
was evident in a region supplied by the infarct vessel, as 
-well as a non-infarct vessel (Figure 1). Thus, 29 patients 
~ (62%) had redistribution in the infarct zone suggesting 
residual myocardial ischemia. Ten patients with isch- 
emia in the infarct zone had totally occluded infarct 
vessels but had intracoronary collaterals. Five patients 
with a fixed defect in the infarct zone had a reversible 
defect consistent with ischemia in the distribution of a 
non-infarct vessel. All patients with evidence of distal 
ischemia had multivessel disease. Fixed defects with no 
redistribution were present in 12 patients. As was noted 
in patients with positive exercise treadmill tests, patients 
> ‘with ischemia on the thallium studies also had a trend 
toward a smaller infarction as evidenced by peak cre- 
atine kinase (Table II). 
aig Multivessel disease was present in 26 patients, 18 
~ patients had 1-vesse! disease and 2 patients had a single 
“stenosis of <50%. All patients with multivessel disease 
had a perfusion abnormality on the early thallium 
scans. Redistribution suggestive of ischemia was evident 
in 21 of 26 patients with multivessel disease and in 13 
= of 18 patients with l-vessel disease. Thallium scans 
<- showed multiple areas of hypoperfusion indicative of 
< - multivessel disease in only 13 patients. Of the 4 patients 
-with residual stenosis of <70% of the infarct vessel, 2 
had ischemia in the infarct zone and 2 had a fixed de- 
fect. The exercise treadmill test was positive in 10 pa- 
tients with multivessel disease and 3 patients with 1- 
-vessel disease. Of the 13 patients with positive stress 
tests, 12 had evidence of ischemia on thallium tomogra- 
phy (Figure 2). 


DISCUSSION 
Patients with non-Q-wave myocardial infarctions are 
known to have recurrent cardiac events.'°-'? Patients re- 
ceiving thrombolytic therapy who have reperfused in- 
irct vessels with severe narrowing are also recognized 
y be at much higher risk for recurrent cardiac events. l 
uerci et al? demonstrated a lower incidence of exer- 
se induced ischemia i in TAR TEN who had balloon angi- 

















aati probability of successful 







raphy in patients after ‘thromboly ther 
loon angioplasty in patients with suitable anatom 

This aggressive strategy is not supported by rece 
clinical trials, including the second phase of Thrombo 
sis in Myocardial Infarction (TIMI-II) trial.6* In the 
TIMI-II trial, aggressive strategy of routine interven- 
tion did not result in lower morbidity or mortality. 
Therefore, intervention only in patients with recurrent = 
ischemia was advocated. The identification of high-risk _ 
patients who have residual ischemia becomes noperen 
for decisions regarding interventions. aoe 

The safety of heart rate-limited exercise treadmill ak 
tests performed 10 to 14 days after myocardial infarc- 
tion is well recognized. 1675-26 To our knowledge, ours is 
the first report of early (5.5 days) symptom-limited ex- 
ercise treadmill tests in patients receiving thrombolytic 
therapy. Exercise treadmill tests were performed within 
5 days in 30 patients. Using the symptom-limited proto- 
col, patients exercised to a high heart rate without any 
complications but only 13 patients (28%) had an isch- 
emic response on the electrocardiogram. Multivessel . 
disease was present in 10 of 13 patients. Thus, exercise 
stress tests were not helpful in patients with 1-vessel dis- 
ease. Ten additional patients who had chest pain with- 
out electrocardiographic changes may have had isch- 
emia. Thus, 23 patients (50%) had either electrocardio- 
graphic evidence of ischemia or chest pain alone. 

Exercise treadmill tests are effected by the baseline. - 
electrocardiogram, the patient’s ability to exercise and < 
cardiac medications. A thallium study using dipyrida- 
mole is independent of these factors.!+ 14 We had no 
complications in these 46 patients using oral dipyrida- 
mole early (4.7 days) after myocardial infarction. Stud- 
ies were performed within 5 days of myocardial infarc- 
tion in 36 patients. Redistribution suggesting ischemia 
was more common (74%) than electrocardiographic evi- 
dence of ischemia during exercise treadmill tests (28%). 
Ischemia on thallium imaging was just as common in 3 
patients with 1-vessel disease as multivessel disease. Al- 4 
though multivessel disease was present in 26 patients, 
only 13 patients had abnormal perfusion in the distribu- 
tion of more than 1 vessel suggesting presence of mul- — 
tivessel disease. It is conceivable that more patients with — 
multiple perfusion abnormalities could have been identi- 
fied using quantitative imaging.“’ 

The angiographic status of the infarct vessel did not 
correlate with the presence or the absence of redistribu- 
tion in the infarct zone. Of the 14 patients with occlud- 
ed infarct vessels, 10 patients had redistribution in the — 
infarct zone indicating residual ischemia. The apparent 
“salvage” of tissue in these patients is probably related 
to the presence of collateral vessels.829 Patients with 
collateral vessels are known to have smaller myocardial 
infarctions. The early identification of these pa nts 
would permit early intervention and thus resi 
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Myocardial Infarction 
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The epicardial coronary collateral vessels are visu- 
alized with coronary angiography, but this method 


does not provide significant information about the 


myocardial perfusion supplied with the collaterals. 


: In this study, myocardial contrast echocardiogra- 


phy (MCE) was performed to assess the coronary 
~~ gollaterals in 29 patients with old myocardial in- 
< farction. MCE was performed by intracoronary in- 
jection of 2 mi agitated amidotrizoate sodium meg- 
lumine. The peak background-subtracted gray level 
(PGL) in the infarct area was determined from the 
digitized echocardiographic images obtained before 
and after injection into the noninfarct and donor ar- 
tery. PGL was compared with the 3-point corenary 
angiographic grades of collaterals. PGL in the in- 
farct area was significantly lower in patients with 
poor collaterals than in patients with moderate to 
good collaterals (5 + 4 vs 18 + 8 U mean + stan- 
dard deviation, p <0.01). PGL in the infarct area 
was <10 U in the 3 patients with severe asynergy 
despite the moderate to good collateral supply, sug- 
gesting that activity of the collaterals was not good 
enough to preserve the wall motion effectively. 
it is concluded that (1) the degree of MCE en- 
hancement in the infarct area generally corre- 
sponded to the collateral grades assessed with cor- 
. onary angiography, and (2) MCE may provide a 
> ‘measure of the collateral perfusion. 
(Am J Cardiol 1990;66:556-—561) 
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tive coronary arteries plays an important role in 

the preservation of myocardial perfusion and 
hence left ventricular (LV) wall motion in patients with 
coronary artery disease.'~'!' The grade of coronary col- 
lateral vessels has been assessed with coronary angiog- 
raphy or nuclear methods in patients. However, nuclear 
methods do have obvious inherent limitations with re- 
spect to their practicality. Coronary angiography only 
demonstrates the presence or absence of anatomic con- 
nection between the donor and recipient arteries, and 


T he development of collateral vessels in the obstruc- 


therefore it provides little information about the activity . 


of coronary collaterals. Myocardial contrast echocardi- 
ography (MCE) is a relatively new method that may 
provide information about regional myocardial perfu- 
sion. Thus, this method may be used to assess the collat- 
eral function at the level of coronary microcirculation or 
myocardium rather than at the level of epicardial coro- 
nary arteries. MCE has another advantage in assessing 
the coronary collaterals because it could provide infor- 
mation of transmural blood flow distribution.'* This 
study examines whether coronary collateral perfusion is 
visualized with MCE, and compares findings of MCE 
with the collateral grading obtained with coronary angi- 
ography and the degree of LV wall motion abnormali- 
ties assessed with left ventriculography. 


METHODS 

Patients: The study population comprised 29 pa- 
tients with anteroseptal or inferior old myocardial in- 
farction who fulfilled the following criteria: (1) ade- 
quate 2-dimensional echocardiographic images; (2) sig- 
nificant coronary collateral vessels observed on the 
coronary angiogram; (3) occlusion of left anterior de- 
scending or right coronary artery; and (4) right domi- 
nant coronary artery system. Nineteen were men and 
10 were women {aged 38 to 78 years [mean 62]). 
Twelve of the 29 patients had collaterals from the left 
anterior descending to the right coronary artery and the 


other 17 had collaterals from the right to the left anteri 
or descending coronary artery. Nine of the 29 patients 
had non-Q-wave infarction. Average interval between 
the time of infarction and the time of the cardiac cathe- 
terization was 20 + 12 (mean + standard deviation) = 
months. Sa React gave | informed conseatt Tor. r. both. z 
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of the Tecipien artery in the coronary angio- 
gram!3: (1) poor, filling of side branches only; (2) mod- 
erate, partial filling of the epicardial segment; (3) good, 
complete filling of the epicardial segment. LV wall mo- 
tion was arbitrarily graded by a 3-point scale on the 
basis of angiographically determined regional ejection 
fraction: normokinetic (>40%), hypokinetic (10 to 39%) 
and akinetic or dyskinetic (<9%). 

Myocardial contrast echocardiography: Two-di- 
mensional echocardiographic images were obtained by 
a commercially available phased-array system (model 
SSH-65A ultrasound system, Toshiba Corporation, Ja- 
pan) with a 3.75-MHz transducer. MCE was per- 
formed by imaging a parasternal short-axis view at the 
midpapillary muscle level during intracoronary injec- 
tion of 2 ml amidotrizoate sodium meglumine (Urogra- 
fin®-76), which was hand-agitated during its passage 
through a 3-way stopcock. Echocardiographic images 
-Were recorded by video tape recorder (model BR 6400, 
- Victor Corporation, Japan) from approximately 10 sec- 
onds before the injection of the contrast agent until the 
contrast enhancement was no longer evident. Gain set- 
tings were adjusted at the beginning of each recording 
as low as possible and so that endo- and epicardium 
could be identified. They were not changed during the 
remainder of the study. Contrast agent was injected into 
the recipient (infarct) artery, and subsequently into the 
donor (noninfarct) artery of collateral vessels. 

Echocardiographic analysis: The system used for 
the analysis of echocardiographic image was a commer- 
cially available microprocessor-based off-line echocar- 
diographic viewing system consisting of a personal com- 
puter (model PC-9801, NEC Corporation, Japan) and 
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a high-speed image processor capable of digitizing echo- 
cardiographic fields in real time (models 68322 and 
6400, NEXUS Corporation, Japan). This system was 
used to convert each 2-dimensional echocardiographic 
image in the video tape to a 512 X 512 pixel matrix 
image with 256 gray levels/pixel and to quantify the 
intensity of echocardiographic signals in the regions of 
interest that were outlined by the operator. End-diastol- 
ic echocardiographic images of the short axis midpapil- 
lary muscle plane of the left ventricle before and after 
MCE were used for analysis. Echocardiographic images 
of the left ventricle were divided into 3 segments based. 
on the common coronary artery supply as described in 


= $ FIGURE 1. Myocardial contrast echocardiograms in a patient with anteroseptal infarction with good collateral ve set 








nery í ROA to the left t anterior descending artery. End-diastolic images before coronary artery injecti ni {uppe 





luding the ia pee ae of the pie E 
nd epicardium. In this study, the following 4 myocardi- 
- contrast echocardiographic parameters were deter- 
mined in each patient: (1) the peak background-sub- 
tracted gray level (PGL) in the infarct area during the 
ecipient (infarct) artery injection; (2) PGL in the in- 
farct area during the donor (noninfarct) artery injec- 
tion; (3) PGL in the noninfarct area during the donor 
(noninfarct) artery injection; (4) PGL ratio of the in- 
farct to the noninfarct areas during the donor (non- 
infarct) artery injection. These parameters were inde- 
_ pendently determined by an observer who was blinded 
to coronary angiographic or left ventriculographic find- 
ings. The value for the quantitative analysis was deter- 
mined as an average over 5 best-quality preinjection im- 
ages and over 3 postinjection images where contrast en- 
hancement was considered to be maximum. 
: Statistical analysis: All data are expressed as mean 
“standard deviation. Analysis of variance and 
Schéffe’s test were used to compare the values among 


groups. 


RESULTS 

_.. “Visualization of coronary collaterals with myocardi- 
al contrast echocardiography: Injection of the contrast 
<>. agent into the recipient (infarct) artery did not produce 
a significant contrast enhancement in the infarct area in 
any patients studied. There was no significant difference 
-ip PGL in the infarct area during the recipient artery 
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tients with moderate collateral vessels . 
11 patients with good collateral vessels (Figure D. 
in the infarct area during the donor (noninfarct) arte: 
injection and PGL ratio of the infarct to noninfarct 
areas were significantly higher in the moderate and oe 
good than in the poor collateral groups (p <0.05, p ~ 
<0.01, and p <0.01, p <0.01, respectively) (Table 1)... 
However, 3 patients in the moderate to good collateral = 
group showed PGL of <10 U in the infarct area during = 
the donor (noninfarct) artery injection, and 4 patients =~ 
showed a PGL ratio of <0.4 (Figure 2, A and B). In > 
these patients enhancement was observed only in thee 
subepicardium (Figure 3). 

Relation among myocardial contrast echocardio- 
graphic parameters, angiographic grading of collater- 
als and left ventricular wall motion: When the coronary 
angiographic grade and the degree of LV wall motion 
abnormalities were compared, there was a discrepancy 
in several patients (Figure 4). Left ventriculography re- 
vealed severe asynergy (regional ejection fraction of 
—11 to 7% [mean 1]) despite moderate or good collater- 
als in 6 patients. In these patients, contrast enhance- ` 
ment was not observed in the subendocardium but in 
the subepicardium of the infarct area during the donor 
(noninfarct) artery injection. 

When the relation between parameters of MCE and 
the degree of LV wall motion abnormality was exam- 
ined, PGL in the infarct area during the donor (non- 
infarct) artery injection was significantly lower in the 
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signi: icantly lower in the akinetic or. Pa group 
han in the hypokinetic and normokinetic groups (p 
<0.01, p <0.01, respectively). These parameters of 
MCE were lower in the hypokinetic than in the normo- 
kinetic group (p <0.01) (Figure 5, A and B). 


DISCUSSION 

We attempted to assess coronary collaterals from 
the degree of myocardial staining obtained with MCE. 
Parameters of MCE were compared with the 3-point 
coronary angiographic grade of coronary collaterals and 
the degree of LV wall motion abnormalities assessed 
with left ventriculography. 

Assessment of myocardial perfusion: Quantifica- 
tion, rather than the presence or absence, of the contrast 
enhancement of the echocardiogram was investigated in 
the animal and clinical studies. Armstrong et al'4 dem- 
onstrated that the peak contrast intensity accurately 
identified ischemic regions of LV myocardium in their 
study in which myocardial perfusion was simultaneously 
assessed with radioactive microspheres. Kemper et al!5 
showed that the degree of contrast enhancement can 
provide quantitative information about residual myocar- 
dial blood flow in ischemic regions by comparing myo- 
cardial contrast echocardiogram with radioactive micro- 
spheres findings. In contrast, Keller et al! reported that 
peak contrast intensity did not correlate with absolute 
blood flows measured with radioactive microspheres be- 
cause of the variability in the concentration and rate of 
injection of the microbubbles during each stage of ex- 
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coronary injections of contrast agent provides a relati 
index of myocardial perfusion that allows assessment o 
regional coronary reserve in patients with coronary a 
tery disease. MCE was performed to assess the reaction — 


for papaverine before and after coronary angioplasty in 


their study, and they obtained results indicating that af- 
ter successful coronary angioplasty, peak intensity in the 
involved regions improved significantly during baseline 


contrast injections as well as during postpapaverine con- - 


trast injections. 
Thus, the peak contrast intensity may be used to as- 
sess the regional myocardial blood flow. However, it is 


affected by several factors such as the injection rate, 


injection volume, and size of the microbubbles of the 
contrast agents. We attempted to reduce some of these 
effects by taking PGL ratio of the infarct to noninfarct 
areas. 

Relation among myocardial contrast echocardio- 


graphic parameters, coronary angiographic grade of : 
collaterals and left ventricular wall motion abnormali« - 


ties: PGL in the infarct area during the donor (non- ee 


infarct) artery injection and PGL ratio of the infarct to — 


noninfarct areas were greater as the coronary angio- 
graphic grade of the collaterals was better. However, _ 
PGL and PGL ratio were low despite good or moderate 
collaterals in a few patients. These patients with dis: 
crepant results between MCE and coronary angiogra-- 

phy may be explained by the hypothesis that coronary. _ 
angiography demonstrates only the anatomic connec- 
tion between the donor and recipient arteries, but does — 


not indicate the activity of coronary collaterals. In 
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In this ahi, contrast Peahanceneat was observed in 
e subepicardium in patients with severe asynergy de- 
pite good collateral vessels. Piek and Becker’? found 
hat collateral vessels play an important role in deter- 
mining infarct type, i.e., transmural versus subendocar- 
lial. Hiral et al?! showed a beneficial effect of the col- 
aterals on the prevention of LV aneurysm formation. 
wus, contrast enhancement in the subepicardium in 
atients with severe asynergy might still be beneficial in 
] seeping wall motion abnormalities minimum. : ee ae 
`- Methodologic limitations of the study: In this study, poor moderate good | _ 
a hand-agitated amidotrizoate sodium meglumine was i aps 
used as a contrast agent. This method of agitation in- grade by coronary angiography | 
= herently has limitations in the quantification of contrast 
| enhancement as discussed previously. l2 | FIGURE 4. Relation between the grade of collateral vessel L 
F Enhancement of gray level is affected by several fac- obtained with coronary angiography and degree of left ven 
tors, such as gain setting, angle of incidence, axial and tricular wall motion abnormalities. ee 
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: Id myocardial infarction w were Somied from this 
because the posterolateral region obviously has 
oor “resolution in contrast echo image. We corrected 
iL in the infarct area for that in the noninfarct area 
reduce the variability of gray level. However, there 
unavoidable slight differences in the gray level de- 
ending on the depth of region of interest, and therefore 
this correction was not perfect. 
i - Finally, the 2-dimensional echocardiographic short- 
axis image of the myocardium was divided into only 3 


segments along the common coronary artery perfusion 


boundaries by the operator. Therefore, there should be 


otential variants of perfusion patterns, if dominant ves- 
>] and coronary variants are considered. 


eo 2a collateral sabre in patients with acute fsinvocanial infarction: aeon 
pimp performance, cardiogenic shock and survival. 4m J Cardiol 1976;37: 


2 Verani MS, Jhingran S, Attar M, Rizk A, Quinones MA, Miller RR. Post- 
-stress distribution of thallium-201 in patients with and without prior myocardial 
nfarction. Am J Cardiol 1979;43:11 14-1122. 

3e Rogers WJ, Hood WP, Mantle JA, Baxley WA, Kirklin JK, Zorn GL, Nath 
_ HP; Return of left ventricular function after reperfusion in patients with myocar- 
<- dial infarction: importance of subtotal stenoses or intact collaterals. Circulation 
< $984;69:338-349, 
-. @. Goldberg HL, Goldstein J, Borer JS, Moses JW, Collins MB. Functional 


Bes importance of coronary collateral vessels. Am J Cardiol 1984:53:694-699. 
Sa Helfant RH, Kemp HG, Gorlin R. Coronary atherosclerosis, coronary collater- 


als and their relation to cardiac function. Ann Intern Med ¥970;73:189-~193. 


a i +6: Helfant RH, Vokonas PS, Gorlin R. Functional importance of the human 


: coronary collateral circulation. N Engl J Med 1971;284:1277-128}. 
ds Mason DT, Amsterdam EA, Miller RR, Hughes JL, Bonanno JA, Iben AB, 


| oy Berger B BC, Watson mee Taylor er , ieee ri Martin R 


of coronary collateral circulation on regional myocardial per 
quantitative thalliam-201 scintigraphy. Am J Cardiol 1980-46:3 
9. Fayda MA, Marur VS. Hall RJ, Massumi GA, Garcia. E, de 


10. Goldstein RE, Sti inson EB, Scherer JL, Seningen RP, Grehl T M, See 
Intraoperative coronary collateral function in patients with coronary oceh 
disease: nitrogiycerin responsiveness and angiographic correlations. Circulatio, 
1974;49:298~-308. . 
11. Webb WR, Parker FB Jr. Neville JF Jr. Retrograde pressures and flows. { 
coronary arterial disease. Ann Thorac Surg 1973;15:256~262. 

12. Lim YJ, Nanto S, Masuyama T, Kodama K, Ikeda T, Kitabatake A, K 
mada T. Visualization of subendocardial myocardial ischemia with myocard 
contrast echocardiography in humans. Circulation 1989;79:233-244. 

13. Cohen M, Rentrop KP. Limitation of myocardial ischemia by collate 
circulation during sudden controlled coronary artery occlusion in human subjec 

a prospective study. Circulation 1986;74:469-476, 

14. Armstrong WF, Mueller TM, Kinney EL, Ticker EG, Dillon JC, Feigen 
baum H. Assessment of myocardial perfusion abnormalities with contrast-en 
hanced two-dimensional echocardiography. Circulation 1982:66:166-173. 
15. Kemper AJ, Force T, Kloner R, Gilfoil M, Perkins L, HaleS, Alker K, Paris 
AF. Contrast echocardiographic estimation of regional myocardial blood flow 
after acute coronary occlusion. Circulation 1985;72:1115-1124, 
16. Keller MW, Glasheen W, Smucker ML, Burwell LR, Watson DD, Kaul S 
Myocardial contrast echocardiography i in humans. I. Assessment of coronar, 
blood flow reserve. J Am Coll Cardiol 1988;12:925-934. 

47. Cheirif J, Zoghbi WA, Raizner AE, Minor ST, Winters Jr WL, Kicin MS 
DeBauche TL, Lewis JM, Roberts R, Quinones MA. Assessment of myocard 
perfusion in humans by contrast echocardiography. 1. Evaluation of regiór 
coronary reserve by peak contrast intensity. J Am Coll Cardiol (988,11-735~74. 
18. Kolibash AJ, Bush CA, Wepsic RA, Schroeder DP, Tetalman MR, Lewi 
RP. Coronary collateral vessels: spectrum of physiologic capabilities with respect. 
to providing rest and stress myocardial perfusion, maintenance of left ventricular - 
function and protection against infarction. Am J Cardiol 1982:50:230-238, © $ 
19. Nishimura S, Ohshima S, Kato K, Daida H, Nishiyama S, Nakanishi S; 


Kondo K. Seki A, Yamaguchi H. Coronary collaterals in patients with total eni 
obstruction of the proximal left anterior descending artery: their pathways ando o 


functional significance. J Cardiography 1985:15:969--979, 


20. Pick JJ, Becker AE. Collateral blood supply to the myocardium at risk ino 
human myocardial infarction: a quantitative postmortem assessment. J 4m Coll ENN 


Cardiol 1988;11:1290--1296, Bu 
21. Hirai T, Fujita M, Nakajima H, Asanoi H, Yamanishi K, Ohno A, Sasayama < 
S. Importance of collateral circulation for prevention of left ventricular aneurysm: 
formation in acute myocardial infarction. Circulation 1989;79:79} ~ 796. : 

























































x Coronary artery plaque morphology was studied in 
-: 354 five-mm segments of the 4 major (left main, 
left anterior descending, left circumflex and right) 
-epicardial coronary arteries in 10 patients with iso- 
fated unstable angina pectoris with pain at rest. 
‘The 4 major coronary arteries were sectioned at 5- 
mm intervals and a drawing of each of the resulting 
354 Movat-stained histologic sections was ana- 
lyzed using a computerized morphometry system. 
` The major component of plaque was a combination 
‘of dense acellular and cellular fibrous tissue with 
~ much smaller portions of plaque being composed of 
pultaceous debris, calcium, foam cells with and 
without inflammatory infiltrates and inflammatory 
infiltrates without foam cells. There were no differ- 
ences in plaque composition among any of the 4 
‘major epicardial coronary arteries. Plaque compo- 
sition varied as a function of the degree of luminal 
narrowing. Linear increases were observed in the 
mean percent of dense fibrous tissue (from 5 to 
- 50%), calcific deposits (from 1 to 10%), pultaceous 
`- debris (from O to 10%) and inflammatory infiltrates 
without significant numbers of foam cells (from O to 
5%), and a linear decrease was observed in the 
mean percent of cellular fibrous tissue (from 94 to 
229) in sections narrowed up to 25% to more than 
95% in cross-sectional area. Multiluminal channels 
_ -were seen in all 10 patients (28 [19%] of the 146 
sections narrowed >75% in cross-sectional area 
and in 36 [10%] of all 354 segments); occlusive 
< thrombi in no patient; nonocclusive thrombi in 2 pa- 
tients (1 section each of 2 arteries); plaque rupture 
jn 2 patients (4 segments from 2 arteries); and 
_ plaque hemorrhages in 6 patients (11 sections from 
10 arteries). 
a (Am J Cardiol 1990;66:562-567) 
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phologic studies have described the degrees of lu- 

minal narrowing of the major epicardial coronary = 
arteries, some acute lesions in the coronary arteries, and 
the status of the left ventricular myocardium in patients 
with unstable angina pectoris.'-4 No previous studies, 
however, have described the composition of coronary ar- 
terial atherosclerotic plaques in patients with unstable 
angina pectoris shortly before death. Such was the pur- 
pose of the present study. The focus is on the composi- 
tion of the plaques, not the types and frequency of acute > 
lesions in the coronary arteries. We examined, in a. 
quantitative fashion, the components of coronary arteri- 
al plaques in each of 354 five-mm segments of the 4 
major (left main, left anterior descending, left circum- 
flex and right) epicardial coronary arteries in 10 pa- 
tients with isolated angina pectoris with pain at rest. 


C N ince the early 1970s several angiographic and mor- 


METHODS 

The autopsy records of the Pathology Branch of the 
National Heart, Lung, and Blood Institute were 
searched for cases coded as unstable angina pectoris. 
Patients were selected with isolated unstable angina at 
rest. All patients had unstable angina pectoris as recent- 
ly defined by Braunwald.’ Cases were excluded. in 
whom unstable angina developed in the presence of an 
aggravating extracardiac condition. Cases were exclud- 
ed when death occurred during or immediately after = 
cardiac catheterization or when coronary artery bypass. 
surgery or percutaneous coronary angioplasty had been . d 
performed or thrombolytic therapy administered. Cases 
were selected in whom death occurred during or imme- 
diately after a hospital admission for evaluation of un- 
stable angina and in whom there was no gross or micro- 
scopic evidence at necropsy of either transmural left 
ventricular necrosis or fibrosis. | 

The 4 major epicardial coronary arteries were ex- 
cised intact from the heart, decalcified (if necessary), 
sectioned transversely at 5-mm intervals and labelled se- 
quentially. The 5-mm segments then were decalcified 
again (if necessary), dehydrated in alcohols, cleared in = 
xylene, embedded in paraffin and two 5-micron-thick © 
sections were prepared from each segment. One section 
was stained by the Movat method,® and l A h 
lin and eosin. 

The Movat stained sections wer : 











utlined: potential lumen (total area outlined by the in- 
rnal elastic membrane), residual lumen (potential lu- 
men minus area of atherosclerotic plaque) and luminal 
thrombus (platelets, fibrin, erythrocytes and leuko- 
cytes). Components of plaque identified and outlined in- 
cluded dense fibrous tissue, loose fibrous tissue, cellular 
fibrous tissue, heavily calcified tissue, pultaceous debris, 
foam cells with and without lymphocytes, and inflam- 
matory infiltrates without significant numbers of foam 
cells. 

Definitions and descriptions of the various compo- 
nents of plaque were the following: dense fibrous tissue 
was an area of relatively acellular tissue composed pri- 
marily of dense collagen fibers; Joose fibrous tissue was 
a relatively acellular, more delicate arrangement of col- 
lagen fibers; cellular fibrous tissue was composed of 
spindle cells resembling myofibroblasts, smooth muscle 
cells or fibroblasts admixed with collagen or elastic fi- 
bers, or a combination of these; calcific deposits were 
detected by red-brown granular staining areas (only sol- 
id heavily calcified areas were included in the analysis); 
pultaceous debris (presumably rich in extracellular lip- 
id) were pale staining areas composed of amorphous 
material with abundant cholesterol clefts; foam-cell ag- 
gregates were composed of collections of plump, round- 
ed, finely vacuolated cells; foam cells and lymphocytes 
were areas containing round, finely vacuolated or gran- 
ular cells admixed with lymphocytes; inflammatory in- 












filtrates without foam cells were isolated aggregates o 
lymphocytes and other inflammatory cells that wer 
most always seen surrounding small vascular channels. 
All areas were initially recognized with the projection 
microscope and confirmed by standard light micros- 
copy. 

After a labeled drawing of each section was made, 
the area of potential and residual lumens and the area 
of each component was determined using a computer- 
ized morphometry system. The individual areas were 
traced using a GTCO Micro Digi-Pad® and the area 
calculated using Macmeasure,’ a morphometric soft- 
ware package used in conjunction with a Macintosh 
SE® computer. The area of each component was then 
converted to a percentage of the total plaque area. 
Intraluminal thrombus was not considered to represent 
a component of plaque. Inter- and intraobserver vari- 
ability using this method has been previously shown to 
be good.’ 

The percent luminal narrowing was determined by 
using the following formula: percent luminal narrowing 
= (J-residual lumen area/potential lumen area) X 100. 
The degrees of cross-sectional area luminal narrowing 
were then categorized into 5 groups: 0 to 25%, 26 to 
50%, 51 to 75%, 76 to 95% and 96 to 100%. The results 
were verified by visual inspection of the section. If the 
outer circumference of the artery was not rounded and 
if the percent luminal narrowing appeared to have been 
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overestimated by this formula then the estimate ob- 

tained by visual inspection alone was used. The presence 

or absence of plaque rupture (a tear extending from the 

< plaque’s luminal surface into its substance), plaque 

hemorrhage, centrally located multiluminal channels 

- (Figure 1) and thrombus was noted in each 5-mm seg- 
ment. 

Statistical methods: The mean percent of each com- 
ponent of plaque in the 4 major epicardial coronary 
arteries was determined by calculating a mean for each 
patient and averaging over individual persons, and ad- 

- justing for different distributions of luminal narrowing. 
An analysis of variance was used to assess the associa- 
tion between the percent composition of a given compo- 
nent and the specific artery of origin. In each analysis, 

_ the individual patient was the unit of study’; all calcula- 

tions were performed using SAS.'® 

~ The analysis of plaque composition within each of 

Ae the 5 categories of narrowing was performed by deter- 
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trend existed i in the mean peroeat of 2 any oft t 
nents over the 5 categories of narrowing. To correct for 
the fact that 8 correlated significance tests were per- 
formed, Bonferroni adjustments were used! = = 
The analysis of plaque composition in segments of r 
artery containing thrombus, hemorrhage, rupture or- 
multiluminal channels was performed by calculating a 
mean for each component, averaging over individuals — 
and adjusting for varying degrees in luminal narrowing. _ 
F tests were then used to compare the composition of 
segments with and without a given characteristic. 






RESULTS 

Clinical features: The 10 patients ranged in age — 
from 47 to 70 years (mean 59). Only 1 patient (no. 8, 
Table I) was a woman. The duration of angina in the 9 
patients in whom it was known ranged from 6 weeks to 
19 years. All 10 patients had angina at rest during at 
least their last 48 hours of life and, additionally, the 
angina either had increased in frequency or the amount 
of stress required to elicit it had diminished during their 
last 2 months of life. Nine patients died during an ad- 
mission to the hospital for the evaluation of angina, and 
the other patient died outside the hospital 9 days after 
hospitalization for unstable angina. At necropsy, none 
had gross or microscopic evidence of transmural (in- 
volvement of greater than the inner one half of the left 
ventricular wall) left ventricular necrosis. In 7 patients 
non-transmural left ventricular scars were present. The 
hearts ranged in weight from 330 to 540 g (mean 458). 

Five-mm segments studied: Of 449 five-mm sec- 
tions of coronary artery prepared, 95 were excluded 
from analysis because they contained either branch 
points or sectioning artifacts such that the entire cross- 
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TABLE ll Mean Percent of Various Components of Plaque in Each of the Five Categories of Narrowing 


0-25% 
mean (SE) 
(n=5) 


26-50% 
mean (SE) 
{n=9) 


Dense fibrous tissue 

Loose fibrous tissue 

Cellular fibrous tissue 

Heavily calcified tissue 

Pultaceous debris 

Foam cells 

Foam cells and lymphccytes 

Inflammatory infiltrates without 
significant numbers of foam cells 


51-75% 
mean (SE) 
(n= 10) 


76-95% 
mean (SE) 
(n= 10) 


96-100% 
mean (SE) 
(n =8) 


Normal p 
for Linear Trend 


n = number of cases fram which the mean was calculated (5 cases had no sections narrowed <25%, 1 had no sections narrowed 26-50% and 2 had no sections narrowed 96— 


100%). 
* = Bonferroni p < 0.001; ' = Bonferroni p < 0.01; * = Bonferroni p < 0.05. 


sectional area could not be studied. The remaining 354 
sections (an average of 35/case) were studied in detail. 

Amounts of coronary narrowing: The degrees of lu- 
minal narrowing in each case are listed in Table J. All 
cases had severe (>75% decrease in cross-sectional 
area) narrowing of 21 of the 4 major epicardial coro- 
nary arteries by plaque. Nine had >75% cross-sectional 
area narrowing of the left anterior descending, left cir- 
cumflex and right coronary arteries by plaque, and 4 
had this degree of narrowing of all 4 major epicardial 
coronary arteries. Segments narrowed >95% in cross- 
sectional area were present in 8 of the 10 patients. The 
percent or segments narrowed >75% cross-sectional 
area in each case ranged from 19 to 75% (mean 41%). 

Atherosclerotic plaque composition: The mean 
compositions of plaque, corrected for varying degrees of 
luminal narrowing, of the 4 major epicardial coronary 
arteries are detailed in Figure 2. In each of the 4 arter- 
ies, the major component of plaque was a combination 
of dense and cellular fibrous tissue. Smaller amounts of 
loose fibrous tissue, pultaceous debris, calcium, foam 
cells with and without inflammatory infiltrates and in- 


0-25% 26-50% 51-75% 76-95% 


Degree of Luminal Narrowing 








flammatory infiltrates without foam cells were present. 
The mean percent of any given component was similar 
in each of the 4 major coronary arteries. 

The mean composition of plaque, analyzed in each 
of the 5 categories of luminal narrowing, is detailed in 
Table II and in Figure 3. Linear increases in the mean 
percent of dense fibrous tissue (from 5 to 50%, Bonfer- 
roni p <0.001), calcium (from 1 to 10%, Bonferroni p 
<0.01), pultaceous debris (from 0 to 10%, Bonferroni p 
<0.001), and lymphocytes without foam cells (from 0 
to 5%, Bonferroni p <0.05) occurred across the 5 cate- 
gories of narrowing. The mean percent of cellular fi- 
brous tissue decreased across the 5 categories from 94 
to 22% (Bonferroni p <0.001). 

Intraluminal coronary thrombus: Minute intralu- 
minal thrombi were seen in 2 sections, 1 from each of 2 
patients. In both cases, the thrombus was nonocclusive 
and composed of platelets and fibrin. Both thrombi 
were located in segments narrowed >75% in cross-sec- 
tional area by plaque and neither was associated with 
underlying plaque hemorrhage or rupture. The mean 
percent of plaque occupied by foam cell aggregates was 
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FIGURE 3. Mean percent plaque composition in each of the 5 categories of cross-sectional-area narrowing. 
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significantly greater (5 vs 1%, p = 0.04) in the 2 sec- 
tions containing thrombus compared to the segments 
without thrombus. 

Plaque rupture: This was seen in 4 sections “rom 2 
patients. In each, both sections were from the same ar- 
tery. In 1 case, bota segments containing rupture were 
associated with hemorrhage into plaque. The ccmposi- 
tion of plaque in taese sections was similar to that of 
sections without rupture. 

Plaque hemorrt age: This was present in 11 sections 
from 10 arteries in 6 patients. The mean percents of 
pultaceous debris end loose fibrous tissue were greater 
(243v3+2,p=0.008 and 9 + 3 vs 1 1, p = 
0.04, respectively) and the mean percent of dense fi- 
brous tissue (21 + 5 vs 32 + 2, p = 0.04) was less in 
sections with hemcrrhage than in those without. 

Multiluminal channels: These were identified in all 
10 patients, in 28 (19%) of 146 sections narrowed >75% 
in cross-sectional area and in 36 (10%) of all of the 354 
5-mm segments. Df the 36 segments containing >} 
channel, the lumen was narrowed >75% in cross-sec- 
tional area in 28; Irom 51 to 75% in 6 and from 26 to 
50% in 2. Sections of artery containing multluminal 
channels contained a higher percent of dense acellular 
fibrous tissue (41 + 4 vs 32 + 2%, p = 0.03) and less 
pultaceous debris 0.0 + 1 vs 4 + 1, p = 0.001) than did 
sections without multiluminal channels. 


DISCUSSION 

Plaque compasition: The findings in this study in- 
dicate that the major component of athercsclerotic. 
plaques in the 4 major epicardial coronary arteries ir 
patients with isokted unstable angina pectoris at res: 
is a combination of cellular and dense acellular fibrous 
tissue (82 to 88%). Pultaceous debris, calcium, loos: 
fibrous tissue, inclammatory infiltrates, and foam cell 
aggregations maJe up much smaller portiors of ths 
plaques. Plaque composition was similar in each of the 4 
major coronary arteries. Plaque composition ck.anged a5 
a function of tte degree of luminal narrowing. The 
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mean percent of dense fibrous tissue, pultaceous debris, 
calcium and inflammetory infiltrates without foam cells 
increased and the amount of cellular fibrous tissue de- 
creased in a linear fasaion over the 5 categories of cross- 
sectional area narrowing. - 

While quantitative information on coronary arterial 
plaque composition is now available on other patients 
with fatal coronary artery disease—-that is, acute myo- 
cardial infarction and sudden cororary death’—there is 
no previously published information on plaque composi- 
tion in patients with clinically isolated unstable angina 
pectoris. The mean percent of the various components 
of plaque in 5-mm segments of coronary arteries nar- 
rowed >75% in cross-sectional area in these 3 groups of 
patients is shown in Figure 4. While the major compo- 
nent of plaque in all 3 groups is a combination of dense 
and cellular fibrous <issue, significant differences occur 
in the mean percent of plaque occupied by pultaceous 
debris. The mean percent of plaque occupied by pulta- 
ceous debris is about 8% in patients with angina pectoris 
at rest and sudden coronary death, conditions associated 
with a low frequenc” of occlusive intraluminal thrombi, 
and about 16% in patients with fatal acute myocardial 
infarction, a condition associated with a high frequency 
of intraluminal thrombi. Because occlusive thrombi usu- 
ally overlie plaque zich in pultaceous debris,®!2-!® the 
differences in the mean percent of pultaceous debris: in 
these subsets of pa-ients with ccronary artery disease 
may explain the differences in the frequency of intralu- 
minal thrombi. 

Multiluminal channels within atherosclerotic 
plaques: These were seen in every patient, in 19% of 
segments narrowed >75% in cross-sectional area and in 
10% of all coronary segments. The segments with multi- 
luminal channels contained significantly more dense fi- 
brous tissue than did the segments without multiluminal 
channels but with a similar degree of luminal narrow- 
ing. If thrombi are injected into zhe lumens of systemic 
veins, the clots migrate to the lungs, and they often or- 
ganize into fibrous plaques ccntaining multiluminal 
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FIGURE 4. Mean percent plaque composition of sections of coronary artery narrowed >75% in cross-sectional area. AMI = 
acute myocardial infarction; SCD = sudden coronary death without left ventricular necrosis; UAP = unstable angina pectoris. 
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channels.!’ This fact suggests that arteries containing 
multiluminal channels are the result of organization of 
thrombi. It is therefore likely that a large portion of the 
plaque in the 19% of segments narrowed >75% in cross- 
sectional area is due to the organization of thrombi into 
fibrous plaques containing multiluminal channels. 

_ The frequency of segments of coronary artery con- 
taining multiluminal channels in patients with isolated 
unstable angina pectoris has not been noted in other 
studies. Levin and Fallon!® compared postmortem angi- 
ographic and histologic findings in patients with fatal 
coronary artery disease of various types. They demon- 
strated that angiographic narrowings with either irregu- 
lar borders or intraluminal lucencies. by histologic ex- 
amination consisted of a variety of lesions including “re- 
canalized thrombi,” nonocclusive thrombi, plaque 
hemorrhage or plaque rupture, While narrowings con- 
taining recanalized thrombi were not illustrated, pre- 
sumably they contained multiluminal channels. Nar- 
rowings with a similar angiographic appearance (eccen- 
tric lumens with irregular or overhanging borders) were 
observed by Ambrose et al!? in 50 of 92 narrowings in 
63 patients with unstable angina pectoris and in only 4 
of 55 narrowings in 47 patients with stable angina pec- 
toris. While histologic evaluation of these narrowings, 
which they believed were characteristic of patients with 
unstable angina, was not possible, they attributed the 
angiographic appearances to the présence of either 
plaque rupture or intraluminal thrombi. We found 
plaque rupture in only 2 of.our 10 patients and non- 
occlusive intraluminal thrombi in only.2 of our 10 pa- 
tients. In contrast, multiluminal channels were observed 
in all 10 patients. While coronary angiography of the 
epicardial coronary arteries was not available for com- 
parison in the 10 patients we studied, it is likely that a 
great proportion of the narrowings would have been due 
to plaque containing multiluminal channels. 

Limitations: Identification of calcium in formalin 
fixed partly decalcified tissue may result in an underes- 
timation of the total mean percent of calcium. Likewise, 
processing of tissues in xylenes prevented us from using 
specific lipid stains and hence the total amount of lipid 
may be underestimated. 

In summary, the major component of plaque in pa- 
tients with unstable angina is fibrous tissue. Multi- 
luminal channels, a finding suggesting the earlier pres- 


ence of thrombus that organized, was present in all pa- 
tients and in 10% of the segments studied. Plaque rup- 


_ ture was seen in 2 patients, nonocclusive thrombi were 


seen in 2 patients, and plaque hemorrhage in 6 of the 10 
cases. The zero frequency of occlusive thrombi at nec- 
ropsy might be explaired in part by the low mean per- 
cent of pultaceous debris in the 4 major epicardial coro- 
nary arteries. 
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ARRYTHMIAS AND CONDUCTION DISTURBANCES 


Relation of Peri-Infarction Block to Ventricular 
Late Potentials in Patients with Inferior | 
Wali Myocardial Infarction 


Nancy C. Flowers, MD, Leo G. Horan, MC, Anita C. Wyids, BS, Wynne Crawford, MD, 
Marandapalli R. Sridharan, MD, ©. Paige Horan, and Sandra F. Cliff 


This study expicres the relation of the presence of 
peri-infarction biock to ventricular late potentials ir 
patients with interior wall myocardial infarction 
(Mi). The hypothesis was that both the gross peri- 
infarction block pattern and subtle low-level ven- 
tricular late potentials are expressions of conduc- 
tion abnormality associated with infarction. The 
consequent question arose whether peri-infarction 
block may have the same association with sus- 
tained ventricular arrhythmias that has been dem- 
onstrated in postinfarction patients with ventriculer 
late potentials. Seventy patients with documented 
Q-wave MI were divided into those with (23) and 
those without (47) peri-infarction block. Signal-av- 
eraged electrocardiograms were obtained. Analysis 
of the vectormagnitude complex revealed that the 
total duration ef that complex and the duration of 
terminal poten:ial under 404V in the peri-infarctien 
group exceeded that in the cis without peri-in- 
farction block `p <0.0001). The voltage in the las 
40 ms of the vectormagnitude complex.was also 
significantly less in the peri-infarction group (p 
<0.0005). There were 13 instances of sustained 
ventricular tachycardia, ventricular fibrillation or 
sudden death occurring subsequent to infarction 


not associatec with the acute ischemic event, 11 of 


which occurred in the peri-infarction group. The 
significantly higher incidence of late potentials 
along with the significantly higher incidexce of sus- 
tained ventricular arrhythmias in the peri-infarction 
group suggesis that the presence of peri-infarction 
block on the surface electrocardiogram may pro- 
vide another marker for identifying persens at ir- 
creased risk for these arrhythmias subsequent to 
Mi. 

(Am J Cardiol 1990;66:568—574) 
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the possibility of a relation between peri-infarc- 

tion block and ventricular late potentials. That 

editorial provided the impetus “or this investigation.! 

Our purpose in this work was to evaluate this thesis and 

to explore the relation of peri-infarction block and the 
occurrence of sustained ventricular arrhythmias. 

The term peri-infarction block was suggested by W. 

T. McCollum, MD, as acknowledged by First et al? in 


S deli èt al,! in an | editorial į in 1985, oe 


the latter group’s initial publication in 1950. These writ- 


ers used. a set of criteria for peri-infarction block that 
included the. reqtirement that QRS complexes be 
20.11 second. They recognized, although they did not 
emphasize, that in electrocardiographic zones remote 
from the infarction the QRS duration could be within 
normal limits. In 1954, Grant et al? used an altered def- 
inition, stating tha, in the case of inferior wall myocar- 
dial infarction (MI), the terminal 0.04-second forces 
may be expected to be directed į inferiorly and rightward, 


5 


while the initial ferces or the @ wave would, as expect- | 


ed, be directed:away from the infarcted zone. 


First et al? had been motivated by the work of Wil- — 


son et al,“> who had emphasiz2d the importance of in- 
traventricular block. Unfortunately, in Grant’s other- 
wise helpful work, the concept of peri-infarction block 
was further altered in the mid-1950s to the early 1970s 
to include instances of left anterior fascicular block.+-%° 
Describing the concept of the hemiblocks; Rosenbaum 


et all? rightly concluded that the term peri-infarction ` 


block had been <epplied inapp-opriately to instances of 


ventricular conduction abnormalities specific to the left 


anterior fascicle. 
' The anatomic basis for peri-infarction block was 


suggested by First et al? describing direct recordings 


from infarcted myocardium. Over the center of the in- 


farction they depicted a QS pattern; when the exploring 


electrode was moved more peripherally over the peri- 


infarct zone, late activation could be demonstrated. The — 


electrocardiographic complex, then, demonstrated an 
initial Q wave followed by a broad R wave, the down- 
stroke of which was slurred and terminated a relatively 
prolonged QRS interval. | 
As early as 1961, investigators observed fragmented 
electrical activity after the dominant cardiac deflection 


-in certain pathclogical states.!! It was later specifically 


recognized that such activity was associated with ven- 
tricular arrhythmias, as these fractionated potentials 
were recorded (usually during sinus rhythm) from endo- 
cardial, epicardial and intramural locations under con- 


t 
Èr 


ee nr a 


ditions of ischemia or infarction'*? associated with 
ventricular tachycardia; fragmented local activity was 
also recorded by Josephson etal? in man using catheter. 
electrodes placed near the periphery of an aneurysm. 

By means of signal averaging for reduction of noise 
from electrical interference, abnormal potentials after 
the QRS were recorded from the body surface of ex- 
perimentally infarcted dogs???4 as well as from patients 
after MI who developed sustained ventricular tachycar- 
dia.2°-28" An abundance of reports have followed these 
initial studies confirming the value of low-level sig- 
nals in patients after MI in predicting those at increased 
risk for ventricular tachycardia or sudden death.??-38 
Against this background we proceeded with the present 
work. : 


METHODS 

The standard 12-lead electrocardiogram and signal- 
averaged electrocardiogram (SAECG) were evaluated 
in 70 patients (ages 25 to 77 years) with clinically and 
electrocardiographically documented Q-wave inferior 
wall MI over a 2-year period at the Medical College 
Hospital and its associated Veterans Administration 
Medical Center. All patients had Q waves in at least 2 
inferior leads that exceeded 30 ms. None had QRS 
complexes in the extremity leads other than II, III and 
aVF in excess of 10) ms, i.e., no instances of bundle 
branch block or other intraventricular conduction de- 
fects were included. Fatients with diagnostic Q waves in 
other electrocardiographic infarct zones were not in- 
cluded. Our effort, then, was to study a group with simi- 





FIGURE 1. Standard 12-lead electrocardiogram of a patient without peri-infarction block (NoPERI) compared to that of a pa- 
tient with peri-infarction block (PERI). In the NoPERI patient, QRS duration of the extremity leads was 90 ms. Note the sharp 
descending limb of the. R wave in the inferior leads (Il, IH and aVF). In the PERI patient, QRS duration of leads Il, II] and aVF 
was 110 to 120 ms. Note the relatively normal QRS duration of 80 ms in lead | complex compared to the wider complexes in the 
inferior leads (II, Hi and a VF}. Note also the slurs on the descending limb of the R wave in these same leads. The calibration sig- 


nal is 1 4V X 240 ms. 
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lar, relatively localized MIs, without the confounding 
effects of generalized conduction defects or multiple site 
MIs. At present, 63 of the patients are alive, 4 are de- 
ceased and 3 were followed briefly, but have now been 
lost to follow-up. 

The patients were divided into 2 groups, those with 
peri-infarction block and those without peri-inferction 
block, For the purdoses of this study, peri-inferction 
block was defined zs being present when the folowing 
criteria were met: (_) the QRS duration in leads IT and 
aVF exceeded by et least 20 ms the QRS duration in 
lead I; (2) Q waves in 2 or more inferior leads exceeded 
30 ms; and (3) the Q waves in leads II, HI or aVF were 
followed by an R wave, the downstroke of which was 
slurred and termirated the relatively prolongec QRS. 
For criterion (1), 2) ms was chosen for 2 reasons. First, 
it provided a sufficient increase in QRS duration (in a 
lead in the infarct zone compared with the nor-infarct 
zone) to clearly siggest regionally altered corduction 
properties. Secondly, this value permitted consistent re- 
production of meesurements at standard electrocardio- 
graphic paper speeds magnified 3 times. Lead I was 
chosen for specific comparison as the only othe- bipolar 
extremity lead, a “ead in which the electrical axis is gen- 
erally perpendicuar to the direction of activation of the 
inferior wall, and. therefore, most likely to be insensitive 
to the infarct zore. Consequently, it was deemed likely 
to be representative of a normal or non-infarct-related 
zone. Meeting tiese criteria for peri-infarction blocx 
were 23 patients, while 47 patients were classicied witŁ- 
out peri-infarcticn block. 

Standard elestrocardiograms were obtained on a 3- 
channel recorder; SAECGs were obtained (after in- 
formed consent) on a high resolution acquisition systen 
at least 1 week after infarction. Bipolar transverse (*.), 
vertical (©) and anterior-posterior (Z) leads were re- 
corded in approximately orthogonal fashior using an 
ensemble of 200 repeating cycles. A noise level below 1 


200 msec 





FIGURE 2. Ar enlarged lead If complex from each electrocardiogram shown in Figure 1. 


uV was required. Premature beats or those morphologi- 
cally different from the predominant template were re- 
jected. A bidirectional high-pass digital filter was used 
with the band pass of 25 to 250 Ez. A vectormagnitude | 
complex was derived from the ./X?+Y2+Z*. 28 Mea- 
surements made on.the signal-averaged and filtered vec- 
tormagnitude complex included che total duration, the 
duration of potential <40 „V and the root mean square 
of the voltage of the last 40 ms. Based on our normal 
series these parameters were considered abnormal when 
the total duration of the vectormagnitude complex was 
>120 ms, the duration of potential <40 uV was >39 ms 
and the voltage of the last 40 ms was <25 pV.>9-40 

Signal-averaged measurements are expressed as 
mean + 1 standard deviation of the mean. Statistics 
were performed using the Student ¢ test and chi square 
analyses. 

Fight of these patients (6 with and 2 without peri- 
infarction block) with a history of syncope, presyncope 
and sustained ventricular arrhythmias were referred to 
us for electrophysiclogical study. Standard protocols 
were applied.*! 


RESULTS 

Figure 1 shows the electrocardiogram of a patient 
without peri-infarction block. compared with that of a 
patient with peri-infarction block. Figure 2 shows a 
magnified lead II complex “rom each electrocardio- 
gram. In the patient without peri-infarction block, the 
QRS durations of the inferior leads (II, HI and aVF) 
are approximately equal to the duration of lead I; also, 
the R wave in the inferior leads has a sharp descent. In 
the electrocardiogram of the patient with peri-infarction 
block, however, all criteria arə fulfilled. The QRS dura- 
tion of lead I is relatively normal, while the QRS dura- 
tions in all inferior leads exceed that in lead I by at least 
20 ms and the Q wave in lead II exceeds 40 ms. Note 
especially the slowed or slurred descending limb of the 


¢ 6+ #@# E @ ee 8 


Note the contrast between the sharp- 


ness of the descending limb of the R wave in the patient without peri-infarction block (NoPERI) and the slurred descent of the R — 


wave in the pctient with peri-infarction block (FERI). 
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R wave in the inferior leads. These comparisons can 
best be appreciated in Figure 2. The amplified and aver- 
aged Y lead of the orthogonal set from the SAECG was 


, also viewed for enhancement and confirmation of detail 


of the peri-infarction morphology. i 

Table I lists the signal-averaged parameters deter- 
mined for each group of patients. There were no statisti- 
cal differences in age of the 2 groups. Total duration of 
the vectormagnitude complex and duration of potential 
<40 uV in the peri-infarction group exceeded that in 
the group without peri-infarction block (p <0.0001); 
the voltage of the last 40 ms was less in the peri-infarc- 
tion group than in the group without peri-infarction 
block (p <0.0005). The separation of the peri-infarction 
patients from those without peri-inferction block can be 
visually appreciated on the 3-dimensional perspective 
graph plot (Figure 3). The squares, representing the 
peri-infarction patients, tend to cluster toward the ends 
of the axes, reflecting the longer vectormagnitude com- 
plex duration and the longer duraticn of potential <40 
uV, while their short stems reflect the low amplitude of 
the voltage of the last 40 ms of their SAECG. Con- 
versely, the patients without peri-infarction block (cir- 
cles) cluster in the corner of the diagram toward the 
ends of the axes representing the shorter vectormagni- 
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TABLE ! Signal-Averaged Electrocardiographic Parameters 
in Patients With and Without Peri-infarction Block 


NoPERI PERI p Value 


No. of pts 
Age (yrs) 
SAECG 
VMCd (ms) 
LASd (ms) 2329 40417 
V40 RMS (nV RMS) 712463 20412 
NoPERI = without peri-infarction block; NS-= not significant; PER! = with peri- 
infarction block; SAECG = signal-averaged electrocardiogram; VMCd = tatal duration 


of the vectormagnitude complex; LASd = duration of potential <40 pv; V40 RMS = 
root mean square voltage of the last 40 ms. 


54+11 


58+ 10 
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tude complex duration, zhe shorter duration of potential 
<40 uV and the higher voltage found in the last 40 ms 
of their SAECG. 

Figure 4 shows the SAECGs from the peri-infarc- 
tion patient with ventricular tachycardia and the patient 
without peri-infarction tlock without ventricular tachy- 
cardia whose standard electrocardiograms appear in 
Figure 1. In the peri-infarction patient, there is terminal 
prolongation of low-level potential, increased duration 
of the total complex and very low amplitude of the last 
40 ms. These findings contrast with the sharper descent 


60 d 
m g0 Sa- 
C 100 LA 
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FIGURE 3. This 3-dimensional plot emphasizes the cluster of the patients with peri-infarction block (PERI, squares) toward the 
lower root-mean-square voltage in the last 40 ms (V40 RMS), the longer vectormagnitude compl>x (VMCd) and the longer low- 
amplitude signals under 40 ¿V (LAS 40). The patients without peri-infarction block (NoPERI, circles) cluster toward the higher 
values of V40 RMS, the lower values of VMCd and LASd. Solid symbols represent patients with sustained ventricular arrhyth- 


mias. See text for discussion. 


‘ 
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TABLE Il Occurrence of Abnormal Signal-Averaged 
Electrocardiograph c Parameters in Patients With and Without 
Peri-Infarction Blocx 


NoPERI PERI 
(n=47) (n=23) PP Value 


Criterion of Abnormeity 0%) 
VMCd >120ms 1 (2) 16 (70) 
LASd >39 ms 0 13 (56) 
V40 RMS <25 uV RMS 4 {8) 19 (83) 
No. Abnormal Parar eters (%) 
43 (91) 1 (4) 
3 (6) 4(17) 
1 (2) 8 (35) 
0 10 (43) 


Abbreviations as in TaHe |. 


of terminal voltaze level, the narrower complex and tke 
relatively high amplitude of the terminal 40 ms from 
the patient without peri-infarction block. 

There were 13 instances of sustained ventricu- 
lar tachycardia, ventricular fibrillation or sudden deata, 
11 of which occurred in the group with peri-infarc- 
tion block. Ths difference is highly significant _p 
<0.00005). In the 2 patients without peri-infarction 
block with ventricular tachycardia, the SAECG critena 
for positivity were absent. Thus, 96% of the ‘patierts 
with peri-infarc-ion block had 1 or more abnormalit-es 
on the SAECG whereas only 8% of the group withcut 











peri-infarction block had 1 or more abnormalities. It 
should be emphasized then that 47% of the peri-infarc- 
tion group had sustained ventricular arrhythmias, while 
only 4% of the group without peri-infarction block dem- . 
onstrated such arrhythmias. 

Of the remaining 12 peri-infarction patients who 
have, as yet, not had sustained ventricular tachycardia 
or fibrillation, 11 had 1 or more positive criteria for an 
abnormal SAECG: 5 had 3 positive parameters, 4 had 2 
positive parameters, 2 had 1 positive parameter and 1 
had no positive parameters (Table II). Of the 8 patients 
studied in the elect-ophysiology laboratory, 5 of the 6 
peri-infarction patients had inducible ventricular tachy- 
cardia. Neither of tne 2 patients without peri-infarction 
block was inducible; 1 of these, however, had therapeu- 
tic levels of an antiarrhythmic agent at the time of 
study. 

Thus, in the peri-infarction group, the most fre- 
quently abnormal SAECG parameter was the voltage 
magnitude of the last 40 ms (<25 uV). When 1 or more 
positive criteria were required, ventricular late poten- 
tials in the peri-infarction group had a sensitivity of 
100%, a specificity of 8%, a positive predictive value of 
50% and a negative predictive value of 100%. In the 
group without peri-infarction block, the occurrence of 
ventricular late potentials had a sensitivity of 0%, a 
specificity of 91%, a positive predictive value of 0% and 
a negative predictive value of 95%. 


VMCd 151.0 msec 
LASd 53.0 msec 
V40 RMS 16.9 uV 
Noise 0.3 uV 


FIGURE 4. Signal-averaged vectormagnitude ccmplex (WMC) of the patient without peri-infarction block (NoPERI) and the pa- 
tient with peri-infarction block (PERI) whose standard electrocardiograms appear in Figures 1 and 2. Note in the PERI patient 
the increased totai duration of the YMC (VMCd), the praiongation of the terminal potential <49 4V (LASd) and the very low am- 
plitude and fregmented morphology of the last 40 ms (V40 RMS). In contrast, in the NoPERI patient, there is a morphologically 
sharp descent of the terminal voltage, VMCd, and a rela-ively high amplitude of the last 40 ms of the VMC. 
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DISCUSSION 
In 1952 Langner et al? reported the relation be- 
tween the presence of coronary artery disease and the 


_ appearance of notches (change in slope and sign of the 


fundamental QRS) and slurs (change in slope without 
change of sign of the fundamental QRS). In a prospec- 
tive postmortem study of 128 human hearts, using high- 
speed, high fidelity techniques, our group reported a sig- 
nificant difference in quantitative notch occurrence be- 
tween patients with anatomic evidence of MI and 
normal subjects. In a later, similar study of 130 
hearts, we were able to correlate the site of infarction 
with the site of maximal notching in the X or Y lead.** 
The greatest value of the notch recognition was, per- 
haps, the effectiveness in localizing MI in certain pa- 
tients without diagnostic Q waves. These hearts had a 
significant amount of stippled intramural MI, some- 
times without recognizable epicardial or endocardial 
breakthrough of fibrous scar. Fenoglio,*° Gardner” and 
their co-workers offered strong evidence that fragment- 
ed electrocardiograms are likely to be found wherever 
myocardial fibers were separated by fibrous connective 
tissue; the correspondence between fragmented electro- 
cardiograms directly recorded from the heart and ven- 
tricular late potentials from the body surface was re- 
ported by Simson et al.4! These observations, and the 
fact that the peri-infarction block pattern in inferior 
wall MI shares some features of timing of late poten- 
tials as well as morphology of notches and slurs, were 
the bases for the present inquiry. 

It appears that electrocardiograms from patients 
with Q-wave inferior wall MI can be separated into 2 
categories. In the first, the electrocardiogram reflects 
very definite diagnostic Q waves, but once the wave of 
activation has proceeded beyond 30 to 40 ms, the re- 
mainder of the QRS complex is smooth, rapid and sug- 
gests no further interruption or slowing of the activation 
process. In the other group, the group with the peri- 
infarction block pattern, diagnostic Q waves are also 
prominent, but there appears to be a distinct interrup- 
tion of the rapid, smooth completion of the excitation 
process, It is in this group that ventricular late poten- 
tials have been found in the present study to be excep- 
tionally abundant. We believe that it is likely that the 
underlying anatomic derangement and the resulting 
pathophysiology of the myocardium after MI (which 
provides the substrate producing the late QRS abnor- 
mality referred to as peri-infarction block) is very likely 
the same substrate resulting in the low-level abnormal 
terminal potential referred to as ventricular late poten- 
tials. The recognition of ventricular late potentials has 
been helpful in identifying the post-MI patient at 
an increased risk for sustained ventricular arrhyth- 
mias.29-37,46 The higher incidence of late potentials in 
the peri-infarction group, along with the higher inci- 
dence of sustained ventricular arrhythmias in the peri- 
infarction group than in the group without peri-infarc- 
tion block, suggests that patients in whom peri-infarc- 
tion block accompanies inferior wall MI may be at 
higher risk for sustained ventricular arrhythmias than 
are individuals with inferior wall MI who have no ter- 


minal abnormality of QRS. Although the number ex- 
amined here is reasonably large, an even larger study 
would be valuable for further confirmation. 
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Comparison of Right Ventricular Impedance, 
Pulse Pressure and Maximal dP/dt for 
Determination of Hemodynamic Stability of 
Ventricular Arrhythmias Associated with 
Coronary Artery Disease 


Mark A. Wood, MD, Kenneth A. Ellenbogen, MD, Ketan Kapadia, BS, 
Bin Lu, MSE, and Harry Valenta, PhD 


By monitoring hemodynamic parameters, a future 
generation of automatic implantable defibrillators 
will provide tiered therapy of ventricular arrhyth- 
mias according to the associated hemodynamic 
compromise. Changes in intracardiac impedance 
permit beat-to-beat assessment of ventricular vol- 
umes and make this parameter attractive as a rapid 
discriminator of hemodynamic compromise during 
arrhythmias. Beat-to-beat changes in right ventric- 
ular (RV) impedance were measured before, during 
and after 27 episodes of ventricular tachyarrhyth- 
mias induced in 17 men (64 + 7 years, mean + 
standard deviation; left ventricular ejection fraction 
41 + 11%). Impedance was measured using a tri- 
polar lead system and was compared to ventricular 
tachycardia cycle length, RV pulse pressure and 
maximum systolic RV dP/dt as indicators of sys- 
temic hemodynamic compromise. The average de- 
creases in systolic blood pressure and mean arteri- 
al pressure during ventricular tachycardia were 48 
+ 23% and 46 + 26%, respectively (mean + stan- 
dard deviation; p <0.001 for each). Right ventricu- 
lar impedance decreased an average 39 + 22% 
from its baseline value (p <0.001) during ventricu- 
lar tachycardia. The percent change in impedance 
from baseline during ventricular tachycardia corre- 
lated significantly with the percent decrease in sys- 
tolic and mean arterial pressure (r = 0.45 and 
0.42, respectively; both p <0.05). Right ventricular 
dP/dt correlated the most poorly of all parameters 
with changes in blood pressure while impedance x 
RV pulse pressure correlated best with changes in 
mean and systolic pressure (r 20.82, p <0.001). 
(Am J Cardiol 19$0;66:575-—582) 
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cardioverter/defibrillators detects and responds 

to cardiac arrhythmias based solely on measure- 
ment of tachycardia cycle length or fulfillment of prob- 
ability density function criteria. An implantable device 
that can deliver tiered therapy directed by a hemody- 
namic sensor would be useful in the management of pa- 
tients with multiple morphologies of tachycardia pro- 
ducing different symptcms. It is necessary, therefore, to 
identify hemodynamic Darameters that are closely cor- 
related with the changes in blood pressure and predic- 
tive of the severity of symptoms that accompany an ar- 
rhythmia. Such a parameter must also be feasible for 
monitoring by implanted devices. 

Cardiac impedance zs measured with the multipolar 
catheter technique has been shown to correlate with 
changes in stroke volume and cardiac output in canines 
and in humans.'3 Because the impedance technique 
can provide beat-to-beat estimation of these cardiac pa- 
rameters, it may be able to rapidly differentiate hemo- 
dynamically stable from unstable tachycardias. Right 
ventricular (RV) pulse p-essure and maximal RV dP/dt 
may also be useful variables for discriminating hemody- 
namically stable from unstable ventricular tachyar- 
rhythmias. 

In this study, we compared ventricular tachycardia 
cycle length and changes in RV impedance, RV pulse 
pressure and maximal positive RV dP/dt during ven- 
tricular tachycardia with concomitant changes in arteri- 
al pressure to determine which variables(s) most closely 
correlated with changes in systemic hemodynamics dur- 
ing episodes of tachycardia. 


Ts present generation of automatic implantable 


METHODS 

Study patients: We studied 28 consecutive subjects 
with documented or suspected ventricular tachyarrhyth- 
mias referred to the Hunter Holmes McGuire Veterans 
Affairs Medical Center for clinical electrophysiology 
studies. All patients gave written informed consent to a 
protocol approved by the Committee on the Conduct of 
Human Research at the Medical College of Virginia, 
the McGuire Veterans Administration Medical Center 
and the Clinical Research Board at Telectronics Corpo- 
ration. The study group comprised 17 men with a total 
of 27 episodes of ventricular tachyarrhythmias that 
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yielded technically suitable data for analysis. The pa- 
tients ranged in age from 45 to 76 years (64 + 7 years, 
mean + standard ceviation). All 17 patients had signifi- 
cant atherosclerot-> coronary artery disease. Two pa- 
tients had concom-iant aortic or mitral valvular disease, 
or both. Twelve patients had previous myocardial in- 
farctions. The ave-age left ventricular ejection traction 
was 41 + 11% anc ranged from 22 to 60%. Twelve epi- 
sodes of ventricular tachycardia occurred in the absence 
of anti-arrhythmi: drug therapy, while the remainder 
occurred with am-odarone (7), procainamide (4), amio- 
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darone and procainamide (1), diprafenone (2) or quini- 
dine (1). 

Electrophysiology studies: All studies were per- 
formed using quadripolar catheters (Bard Corp.) posi- 
tioned under fluoroscopy in the right atrium and right 
ventricle through the femoral vein. Systemic blood pres- 
sure was recorded continuously through a 5Fr or 6Fr 
femoral artery sheath. Programmed electrical stimula- 
tion was performed using a custom-designed stimulator 
(Bloom Associates) delivering pacing pulses at twice 
diastolic threshold. Surface and intracardiac electrocar- 





CONVERTOR PROCESSOR 


FIGURE 1. Schenatic showing data acquisition and recording. Analog recordings of right ventricular pressure tracings, imped- 
ance signals and Unipolar atrial and ventricular elecirograms were made on a multichannel magnetic tape recorder. After digiti- 
zation at 200 Hz, lata analysis was performed on z personal computer programmed fer digital signal analysis. A/D = analog/ 


digital; ECG = ele-.trocardiogram. 
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FIGURE 2. Four-channel display of data analysis program on personal computer. Data acquired during sinus rhythm. A and B 
are the atrial anci ventricular electrocardiograms, respectively. The sinus cycle length is 610 ms. Cis the maximal right ventricu- 
lar impedance amd D the minimal impedance for the cardiac cycle begun at A; the change in impedance (Z) from C to Dis 18 
ohms. Right vertricular pulse pressure is the difference between points £ and F, i.e., 29 mm Hg. Maximal systolic right ventric- 
ular dP/dt is dened by point G (335 mm Hg/s). The vertical line is the movable electronic cursor. RV dP/dt = first derivative of 
the RY pressurc waveform; RV PRESS = right ventricular pressure; VENT EG = ventricular electrogram; Zo = impedance. 
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diograms were displayed and recorded using a physio- 
logic recorder (Electronics for Medicine VR-16) at 
standard gain settings. Programmed electrical stimula- 
tion was performed according to a previously published 
protocol.* . 

impedance: Right ventricular impedance was mea- 
sured using a tripolar lead system. This system com- 
prised the first and third poles of a standard 6Fr quadri- 
polar catheter (1 cm spacing) positioned in the right 
ventricular apex and a large surface patch electrode 
(R2 Co.) adherent to the anterior left shoulder. The 
right ventricular catheter was positioned in the distal 
apex under fluoroscopy. A symmetric biphasic current 
pulse with a peak-to-peak amplitude of 200 A, dura- 
tion of 10 ws and frequency of 90 Hz was produced 
from a custom-designed pulse generator (Telectronics 
Pacing Corp.) and delivered into the right ventricular 
cavity through the distal-most ring electrode of the qua- 
dripolar catheter. This current represents approximately 
0.2% of a standard pacing pulse and has been used safe- 
ly in previous studies.’ The electrical potential resulting 
from each current pulse was measured between the sur- 
face patch (electrically grounded) and the proximal 
electrode of the right ventricular catheter. The imped- 
ance to current flow (Zo) was calculated for each pulse 
by an on-line computer using Ohm’s law, Zo = V/I, 
with current (I) known to be 200 uA, voltage (V) mea- 
sured and impedance expressed in ohms. The phasic 
time-varying impedance signal was filtered at 20 Hz be- 
fore being recorded on a multichannel FM cassette re- 
corder (Teac HR-30G). 

Right ventricular pulse pressure: Right ventricular 
pressure was measured continuously using a 5Fr micro- 
manometer-tipped catheter (Millar Instruments) intro- 
duced through the femoral vein and positioned in the 
right ventricular apex under fluoroscopy. The catheter 


RV dp/dt +300 
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TABLE I Hemodynam ç Parameters During Ventricular 
Tachycardia 


CL AZ 
(ms) 


ARVPP AdP/dt AZ-RVPP 
(ohms) (mmHg) (mm Hg/s) (ohm- mm Hg) 


ASBP r=0.53 0.40 
(mmHg) p=0.008 0.05 
AMAP r#0.57 0.24 
(mmHg) p=0.004 0.25 
%ASBP r=0.57 0.45 
p=0.004 0.02€: 
r=0.57 0.42 
p =0.004 0.04 

Pearson correlation coefficients and p values for the relations between absolute 
and relative changes in measurec hemodynamic pararneters and absolute and rela- 
tive changes in systemic SBP and WAP. 

CL = cycle length; MAP = meen arterial pressure; RVPP = right ventricular pulse 
pressure; SB” = systolic blood pressure; Z = change in impedance; Z - RVPP repre- 
sents the arithmetic product of shange in impedance and right ventricular pulse 


pressure; A = absolute change forn baseline values; %A = percent change from 
baseline values, 


*AMAP 





and accompanying bridge amplifier possess 5 nV/V/ 
mm Hg sensitivity and a normal frequency of 20 KHz. 
The Millar catheter-amplifier system was calibrated im- 
mediately before insertion and the calibration was veri- 
fied at the end of each study. The continuous right ven- 
tricular pressure tracing was also recorded on the multi- 
channel FM cassette recorder. 

Data acquisition and analysis: [ntracardiac bipolar 
electrocardiograms (atr.al and ventricular), right ven- 
tricular pulse pressure end impedance signals were re- 
corded simultaneously cn the multichannel cassette re- 
corder. The data were annotated on-line with a personal 
computer (Hewlett Packard 110) via an RS-232 port. 
The data from the cassette tape were digitized at 200 
Hz using a 12 bit analog/digital converter (Digital 
Equipment Corp.) and stored on magnetic disks. A cus- 
tom-designed computer program was used to display 





FIGURE 3. Four-channei display of data acquired during ventricular tachycardia from the same patient in Figure 2. Cycle length 
= 330 ms; change in impedance = 8 ohms; right ventricular pulse pressure = 13 mm Hg; maximum systolic dP/dt = 217 mm 
Hg/s for the cardiac cycle containing the electronic cursor. Systolic blood pressure and mean arterial pressure decreased 62 and 
56%, respectively, during this episode. Abbreviations as in Figure 2. 
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and analyze up to 4 data signals simultaneous_y on a 
Compaq Portable II computer (Figure 1). This program 
allowed display of the signals at different time sweeps, 
determination of sgnal amplitude at any point, mea- 
surement of the time interval between any 2 signal 
points (at 5-ms increments) and calculation and display 
of the derivative o7 any signal (Figure 2). 

Impedance, RV pressure and ventricular cycle 
length were measured in a beat-to-beat fashion for 10 
consecutive beats before initiation of programmed elec- 
trical stimulation (baseline), for the first 20 beats of 
induced or spontaneous ventricular tachyarrhythmias 
and for the first 10 beats after the termination of the 
tachyarrhythmias (recovery). Maximum systolic RY 
dP/dt was estimeted during baseline, during recovery 
and during the first 10 beats of ventricular tackycardia. 

The impedance signal was analyzed for relative 
change in amplitude during each cardiac cycle. Because 
of the occurrence of baseline artifact or multiple peaks. 
especially during ventricular arrhythmias, the >eak im- 
pedance value was taken to be the maximal impedance 
amplitude occurring between the peak RV systolic pres- 
sure and the nadi- of RV diastolic pressure for the same 
beat (Figures 2 and 3). The minimum impedance valus 
for a given cardiac cycle was taken to be the nadir of 
the impedance signal occurring between the peak valus 
for the same cardiac cycle and the peak value of the 
preceding cardiac cycle. The change in impedance was 
calculated for each cardiac cycle by subtracting the 
minimum from :he maximum values. When the R7 
pressure tracing was not available (5 episodes), the at- 
solute peak and trough values for impedance in each 
cardiac cycle were used to determine the charge in irt- 
pedance. 

Right ventricular pulse pressure was determnined for 
each beat analyzed for change in impedance. Right vem- 
tricular pulse pressure was defined as the difference b2- 
tween the maximal and subsequent minimal values for 
RV pressure during a given cardiac cycle. [Maximum 
systolic RV dP/dt was determined from the somputer- 
derived first derivative of the RV pressure signal end 
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r= 0.57,p<0.005 
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cycle length was measured as the interval between peak 
deflections of the QRS complexes. 

Statistics: The beat-to-beat values for change in im- 
pedance, RV pulse pressure, dP/dt and cycle length 
measured during baseline, ventricular tachycardia and 
recovery were arithmetically meaned for each episode of 
tachycardia. A paired ź test was used to determine the 
significance of changes in each hemodynamic variable 
from baseline to ventricular tachycardia and recovery. 
A Wilcoxon rank sum test was used to compare the 
systemic hemodynamic changes between 2 groups of 
patients. Pearson correlation coefficients were derived 
from simple linear regression. The level of statistical sig- 
nificance was p <0.05. All values are expressed as mean 
+ standard deviation. 


RESULTS 

Ventricular arrhythmias: Twenty-seven episodes of 
ventricular tachyarrhythmias were induced in -17 pa- 
tients. The rhythm was sustained monomorphic ventric- 
ular tachycardia (>30 seconds duration) in 23 episodes, 
non-sustained monomorphic ventricular tachycardia in 
2 episodes and ventricular fibrillation (cycle length = 
160 to 180 ms) in 2 episodes. The average cycle length 
for all episodes was 313 + 100 ms. 

Systemic hemodynamic changes: Systolic blood 
pressure decreased during each episode of ventricu- 
lar tachyarrhythmia. Mean arterial pressure decreased 
with each episode of ventricular tachycardia except 1. 
The mean baseline systolic blood pressure was 135 + 17 
mm Hg and the average baseline mean arterial pressure 
was 93 + 8 mm Hg. The averaze decreases in systolic 
blood pressure and mean arterial pressure during ven- 
tricular tachycardia were 66 + 33 mm Hg and 42 + 24 
mm Hg, respectively (both p <0.001). The average per- 
cent changes in systolic blood pressure and mean arteri- 
al pressure from baseline were —48 + 23 and —46 + 
26%, respectively. 

Impedance: The average baseline value for change 
in impedance before induction of ventricular tachycar- 
dias was 21 + 8 ohms. During ventricular tachycardia, 
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FIGURE 4. Graph of ventricular tachycar- 
dia cycle length versus percent changes in 
mean arterial pressure. 
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the change in impedance decreased significantly to 12 + 
6 ohms (p <0.001). In recovery, the change in imped- 
ance averaged 20 + 8 ohms, significantly greater than 
the change in impedance in ventricular tachycardia (p 
<0.001), but similar to the baseline values (p >0.50). 
The change in impedance was not significantly different 
for beats 1 to 10 of ventricular tachycardia compared to 
beats 10 to 20 or beats 1 to 20. During ventricular 
tachycardia, the average percent decreases in change in 
impedance from baseline and recovery were 39 + 22 
and 36 + 18%, respectively. 

Right ventricular pulse pressure: The average base- 
line right ventricular pulse pressure was 40 + 29 mm 
Hg and this value did not change significantly during 
recovery (41 + 26 mm Hg). During ventricular tachy- 
arrhythmia, right ventricular pulse pressure averaged 
16 + 15 mm Hg, significantly lower than during base- 
line or recovery (both p <0.001). The average percent 
decrease in right ventricular pulse pressure from base- 
line was 57 + 26%. Maximal right ventricular dP/dt 


FIGURE 5. Graph of percent change right 
ventricular impedance (Z) versus percent 
change systolic blood pressure. 
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FIGURE 6. Graph of percent change right 
ventricular impedance (Z) versus percent 
change in mean arterial pressure. 
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during ventricular tachyarrhythmia was 355 + 325 mm 
Hg/s. This value was significantly less than baseline, 
515 + 298 mm Hg/s (p = 0.01), and recovery, 690 + 
331 mm Hg/s (p <0.001). 

impedance X right ventricular pulse pressure: Im- 
pedance X RV pulse pressure is the arithmetic product 
of the values for change in impedance and for right ven- 
tricular pulse pressure. The value of impedance X RV 
pulse pressure was found to be 853 + 900 ohm X mm 
Hg during baseline and 244 + 393 ohm X mm Hg dur- 
ing ventricular tachyarrhythmias (p <0.001). In recov- 
ery, impedance X RV pulse pressure averaged 954 + 
1,085 ohm X mm He, also significantly greater than 
the value in ventricular tachycardia (p <0.001). In ven- 
tricular tachycardia, impedance X RV pulse pressure 
decreased an average of 73 + 24% from baseline (p 
<0.001). 

Correlations with systemic hemodynamics: The cor- 
relation coefficients for ventricular tachycardia cycle 
length, RV pulse presstre, RV dP/dt and impedance X 


y= 0.44x - 29.02 
r= 0.45,p<0.05 
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y= 0.47x- 24.84 
r= 0.42,p<0.05 
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RV pulse pressure with absolute and percent changes in 
systemic arterial pressures are listed in Table I. 
Ventricular tacnycardia cycle length correla-ed sig- 
nificantly with ab olute and percent changes in mean 
arterial pressure end systolic blood pressure (all r = 
0.53 to 0.57, all p <0.01). The relation between percent 
change in mean arierial pressure and ventricular tachy- 
cardia cycle lengtn is shown in Figure 4. Changes in 
impedance correleted poorly with absolute changes in 
both mean arteria. pressure and systolic blood pressure. 
The percent chan::e in mean arterial pressure end per- 
cent change in sy-tolic blood pressure were less closely 
correlated with percent change in impedance tkan with 
ventricular tachycardia cycle length, but still achieved 
statistical significance (Figures 5 and 6). Change in 
right ventricular ulse pressure correlated poorly with 
the absolute charge in blood pressure (both r <0.37, 
both p >0.08). Taere was, however, a close relation be- 


= 0.82x + 1.01 
0.76, p<0.001 


— l 
O œo Q 
O O © 


LU 
or 
D 
7 
U) 
wi 
X 
a 
wisi 
< 
Œ 
LLI 
j 
an 
< 
zZ 
< 
uj 
= 
< 
ze 


tween percent change in right ventricular pulse pressure 
and percent changes in mean arterial pressure and sys- 
tolic blood pressures (Figures 7 and 8). The percent 
changes in dP/dt showed no significant relation to per- 
cent changes in blood pressure (p 20.07). The closest 
correlation was cbtained from the relations between 
percent changes ir. impedance X RV pulse pressure and 
percent changes in mean arterial and systolic blood 
pressures; r = 0.82 and 0.86 respectively, both p <0.001 
(Figures 9 and 10). 


DISCUSSION 

Future genera-ions of automatic implantable cardio- 
version defibrillator devices will likely incorporate he- 
modynamic sensors to direct tiered therapy of ventricu- 
lar arrhythmias >ased on the degree of hemodynam- 
ic compromise accompanying the tachycardia. These 
tiered responses may include pacing algorithms for he- 


FIGURE 7. Graph of percent change right 
ventricular pulse pressure versus percent 
change in mean arterial pressure. 
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FIGURE 8. Graph of percent change right 
ventricular pulse pressure versus percent 
change in systolic blood pressure. 
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modynamically stable rhythms, and immediate cardio- 
version for unstable ones. | 

The theory of the measurement of cardiac imped- 
ance has been reviewed in detail elsewhere.” Briefly, 
intracardiac impedance measurements reflect cyclic 
changes in cardiac blood volume that alter the electrical 
resistance (impedance) between 2 or more intracardiac 
electrodes. Measured intracardiac volume is proportion- 
al to the distance between sensing electrodes squared 
and inversely proportional to the electrical impedance of 
the primary conductor (blood) between the electrodes.” 
Highly accurate estimates of aktsolute left ventricu- 
lar volumes may be obtained by the impedance tech- 
nique.!~3 Similarly, the impedance technique accurately 
reflects volumetric changes in the right ventricle;?’.° 
however, the complex right ventricular anatomy results 
in significant underestimation of absolute right ventric- 
ular volumes.’ 

We studied the relation between changes in right 
ventricular impedance, an indicator of relative changes 


FIGURE 9. Graph of the arithmetic prod- 
uct of change in impedance (Z) and right 
ventricular pulse pressure (RVPP), per- 
cent change Z X RVPP, versus percent 
change in mean arterial pressure. 
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FIGURE 10. Graph of percent change Z x 
RVPP versus percent change in systolic 
blood pressure. Abbreviations as in Figure 
9. 
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in right ventricular volume, and the hemodynamic 
changes occurring with induced ventricular tachyar- 
rhythmias. Changes in impedance were compared to 
ventricular tachycardia cycle length, right ventricular 
pulse pressure, impedance X RV pulse pressure and 
maximal right ventricular dP/dt as predictors of hemo- 
dynamic compromise. The percent changes in imped- 
ance correlated signif:cantly (p <0.05), but not closely 
(r $0.45) with percent changes in mean arterial and 
systolic blood pressure. The percent change in right ven- 
tricular pulse pressure correlated well with relative sys- 
temic hemodynamic changes (r 20.76) while ventricu- 
lar tachycardia cycle length was intermediate between 
the change in impedance and right ventricular pulse 
pressure in relation to changes in systemic blood pres- 
sures, Percent change in right ventricular dP/dt corre- 
lated the most poorly with the percent changes in arteri- 
al pressures during arrhythmias (r $0.41, p 20.07). 
The reasons for the relatively poor correlation be- 
tween changes in impedance and systemic hemodynam- 


y= 0.88x + 18.23 
r= 0.82,p<0.001 
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ic changes are specalative. Obviously, effective left ven- 
tricular cardiac ou-put is dependent on adequate dia- 
stolic filling provided by right ventricular output. It is 
the left ventricle, nowever, which generates systemic 
blood pressure. Thas, there may be a disproportionate 
impairment of right ventricular and left ventricular 
function at rest or luring ventricular tachyarrhy-hmias, 
or both. 

Even with muLipclar impedance catheter systems, 
some right ventricular segments are not represented in 
the determination of impedance due to incomplete 
transversion of the right ventricle by the catheter.’ It is 
possible that the rzht ventricular segments assessed by 
the catheter are n-t representative of overall right ven- 
tricular function. Elood flow itself may alter the resistiv- 
ity of blood and thereby alter impedance independent of 
volumetric changes.” The baseline artifact during the 
recording of impecance may also have obscured the true 
magnitude of impedance change in some episodes. In 
addition, the inflaences of baseline right ventricular 
function, the presence of tricuspid or pulmonic regurgi- 
tation, effects of :xtracardiac blood flow, current flow 
through myocardal nd extracardiac tissues and alter- 
ations in right vertricular geometry may all ccntribute 
to inaccuracies im the relation between impedance and 
volume. 

The highest cctretation with systemic hemodynamic 
changes was prov_ded by percent change in impedance 
X RV pulse pressure. The correlations are striking 
(Figures 9 and 10. Without knowledge of the true rela- 
tion of impedanc= to total ventricular volume, the car- 
diovascular pararneter(s) defined by the value cf imped- 
ance X RV pulse pressure is uncertain. However, if im- 
pedance is indica-ive of relative right ventricular volume 
changes, the valus impedance X RV pulse pressure may 
be related to rigft ventricular stroke work output. 

Other investizators have measured right ventricu- 
lar impedance luring ventricular tachyarrhythmias. 
Khoury et ali? fund RV impedance to deckne mini- 
mally during hemodynamically stable ventricular and 
supraventricular tachyarrhythmias. Unstable ventricu- 
lar tachyarrhyth-nias resulted in much greatzr reduc- 
tions in impedarze. There was a significant correlation 
between the changes in RV impedance and the percent 
mean arterial p essure associated with these tachyar- 
rhythmias. 

Study limitat-ons: Perhaps the greatest lim-tation in- 
herent to this study is the use of the tripolar lead system 
for recording right ventricular impedance. This system 
differs from these lead configurations that are com- 
pletely containec in the ventricle. The extracardiac posi- 
tion of 1 sensin; electrode (shoulder patch) introduces 
several vascular and perfused anatomic structures into 
the electrical “c-rcuit.” Thus, alterations in perfusion of 
these organs anl the flow of blood itself may influence 
the measuremert of impedance in a manner zharacter- 
istic to this lead configuration. Since even -nultipolar 
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impedance catheter systems fail to account for all right 
ventricular segmental changes, the use of a single intra- 
ventricular sensing lead may accentuate this limitation. 
In addition, the distance between sensing electrodes is 
not truly fixed and may also influence the impedance 
determination. Th2 rzspiratory component of the im- 
pedance signal was not actively filtered because of the 
known influence oT respiration on RV volume. All stud- 
ies were performed in the supine position and the effect 
of upright posture and changes in autonomic tone on 
the measurement of hemodynamics may be underesti- 
mated by this study. 

Only 17 of 28 (61%) of patients studied had techni- 
cally adequate electrccardiograms, RV pressure and im- 
pedance waveforms for analysis. Most problematic was 
the frequent occurrence of baseline artifact during the 
recording of impedance. The source(s) of interference is 
not known, but probably relates to electronic noise, 
catheter motion artifact, muscle contraction artifact or 
poor electrical interface between the patient and the 
surface lead. The use of a higher frequency current with 
greater amperage would theoretically reduce electrical 
noise in this system. 

Despite its limitations, this method of impedance de- 
termination was used due to its relative electronic sim- 
plicity and resemblance to a system shown reliable for 
monitoring ventilatory parameters in a permanent pace- 
maker. !! 
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SYSTEMIC HYPERTENSION 


Risk Stratification of Left Ventricular 





Hypertrophy in Systemic Hypertension 


Using Noninvasive Ambulatory 
Blood Pressure Monitoring 


- Paolo Verdecchia, MD, Giuseppe Schillaci, MD, Francesca Boldrini, MD, Massimo Guerrieri, MD, 


‘Camillo Gatteschi, MD, Guglielmo Benemio, MD, and Carlo Porcellati, MD 


Twenty-four-hour noninvasive ambulatory blood . 


pressure (BP) monitoring and echocardiography 
were performed in 165 consecutive untreated hy- 
pertensive patients and in 92 healthy subjects. In 
the hypertensive greup, left ventricular (LV) mass 
index showed closer correlations (all p <0.01 in the 
comparisons between the r coefficients) with aver- 
age 24-hour ambulatory systolic (r = 0.47) and 
diastolic (r = 0.33) BP than with casual systolic (r 
= 0.35) and diastolic (r = 0.28) BP. Hypertensive © 
patients were classified according to the difference 
between their observed and predicted levels of am- 
bulatory BP (the latter assessed by regressing the 
observed ambulatory BP on the casual BP). When 
compared to those with lower than predicted ambu- 
latory BP (<10 mm Hg systolic, <6 mm Hg diastol- 
ic), patients with higher than predicted ambulatory 
BP (210 mm Hg systolic and =6 mm Hg diastolic) 
had higher values of LV mass index and other in- 
dexes of LV hypertrophy (ali p <0.01) but had sim- 
ilar values of casual BP. Prevalence of LV hyper- 
trophy was 6 to 10% in the former and 35 to 39% 
in the latter (p <0.001). None of the indexes of LV 
structure differed between the group with low am- 
bulatory BP and the normotensive group. It is con- 
cluded that hypertensive patients whose ambulato- 
ry BP readings are notably higher than one would 
predict from clinical BP readings are at highest risk 
of LV hypertrophy, an independent prognostic 
marker. Noninvasive ambulatory BP monitoring 
identifies a subset of hypertensive patients in whom 
the routine echocardiographic examination of the 
left ventricle is recommended. 

(Am J Cardiol 1990;66:583--590) 
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graphic left ventricular (LV) hypertrophy? are 
well known independent predictors of cardiovas- 
cular morbidity and mortality. Recent evidence suggests 


| C= blood preasure (BP)!. 2 and fie eons: 


that noninvasive ambulatory BP readings may be supe- 


rior to casual BP readings in predicting future cardio- 
vascular events.*® In fact, when comparing hypertensive 
patients with observed embulatory BP above versus be- 
low a definite limit with respect to their predicted am- 
bulatory BP. levels (obtained by regressing ambulatory 
BP values on casual BP values), those with BP above a 
definite limit had a greater long-term incidence of fatal 
and nonfatal events.*6 These-results have been substan- 
tially confirmed using intraarterial BP monitoring.’ Be- 
cause ambulatory rather than casual BP is more closely 
related to LV mass,*~!! cone reason for the ability of am- 
bulatory BP readings to discriminate between high- and 
low-risk subjects may te the identification of subsets 
of patients with different degrees of echocardiographic 


LV hypertrophy, an independent risk marker,!2-!5 who 


would be in the same risk group.if only casual BP and 
electrocardiography were used. To clarify the relations 
between casual BP, ambulatory BP and LV structure in 
the light of such epidemiologic findings, we studied a 


large group of hypertensive patients and control subjects 


using noninvasive ambulatory BP monitoring and echo- 
cardiography. 


METHODS 

Patients: We studied 165 aens with essential hy- 
pertension (47% women) and 92 healthy normotensive 
subjects (50% women). They were consecutively chosen 
among patients with essential hypertension and healthy 
normotensive subjects exemined in our laboratory from 
1986 to 1989, partly included in a previous study on the 
effects of nocturnal BP reduction on LV mass,'! and 
meeting all the following criteria: (1) no antihyperten- 
sive drugs for =4 weeks; (2) good quality echocar- 
diographic tracings; (3) agreement within 5 mm Hg be- 
tween BP recording unit end mercury sphygmomanom- 


` eter in 23 consecutive measurements obtained simulta- 


neously on the same arm before beginning ambulatory 
BP recording; and (4) absz2nce of clinical; electrocardio- 
graphic or echocardiographic evidence of coronary or 
valvular disease, ‘renal disease, transient cerebral isch- 
emic attacks or stroke. In the hypertensive group, su- 
pine diastolic BP had to be 290 mm Hg in 23 visits at 
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TABLE | Main Findngs in the Study Population 


Normptensive 
Subjects 
Variables (n=) 


Age (years) 50 (14) 
Height (cm) 168 (8) 
Weight (kg) 73 (12) 
BSA(m*) 1.€0 (0.2) 
Casual BP (mm #3) 

Systolic 136 (13) 

Diastolic 807) 
Average 24-hour 3P (mm Hg) 

Systolic 123 (13) 

Diastolic 79 (B) 
Heart rate (beats/min) 

Casual 73 (10) 

Average 24-haur 73 (6) 
End-diastolic IVS thickness (crn) 0.79 (0.2) 
End-diastolic PWthickness (cm) 0.71 (0.1) 
LV end-diastolic diameter (cm) 5.29 (0.6) 
Shortening fract on (%) 40:7) 
LV mass (g) 139 46) 
LV mass index (£/ m$) 77 123) 
Relative wall thic<ness 0.27 (0.07) 
Cross-sectional area (cm) 14.2 (3.6) 
Cross-sectional aree index (em? /m?) 7.9 (1.9) 


Data expressed as mez + standard deviation. 


Hypertensive Analysis of Variance 
Patients 


(n = 165) F 


52 (12) 
166 (9) 
75 (14) 
1.83 (0.2) 


159 (18) 
98 (7) 


142 (16) 
92 (8) 


76 (12) 

76 (8) 
0.96 (0.3) 
0.82 (0.2) 
5.28 (0.7) 

38 (7) 

175 (69) 

95 (34) 
0.31 (0.08) 

17.4 (5.3) 
9.5 (2.6) 


BP = blood pressure; BSA = 20dy surface area; IVS = interventricular septum; LV = left ventricular; PW = posterior wall. 


l-week intervals, and all the 4 aforementioned criteria 
had to be fulfilled. Altogether, 114 hypertensive pa- 
tients (69%) had never received antihypertensive drugs. 
Most normotens.ve subjects were healthy pzople re- 
ferred to our center for a clinical checkup including 
echocardiograph~ and ambulatory BP monitoring, and 
showing casual BP constantly <160/90 mm Hg. 
Experimental procedure: BLOOD PRESSURE MEASURE- 
MENTS: Clinical BP was measured after 10 minutes of 
supine rest by us ng a Hawksley Random Zero manom- 
eter (phase I and V) (Hawksley and Sons, Ltd, Lanc- 
ing, West Sussex, England), with deflation rate fixed at 
2 mm Hg/beat. Ambulatory BP was recordec by using 
the fully automatic units ICR 5200 and 90202 (Space- 
labs, Redmond, Washington). In our laboratory,, the 
ICR 5200 unit showed a correlation of 0.97 with both 
systolic and dias-olic pressures measured simultaneously 





on the same arm using a mercury sphygmomanom- 
eter.!6 Other investigators have reported a similar corre- 
lation with the same unit.!” Bladders of appropriate size 
(13 cm X 24 cm, 17 cm X 32 cm) were used. Mean 
arm circumference was 26.3 cm (standard deviation 
[SD] 3). The reading and analysis of data provided by 
the unit was done using the ABP5600 and ABP90204 
interfaces (Spacelabs), with editing procedures de- 
scribed previously.'! The unit was set to take readings 
every 15 minutes through the 24 hours. The total num- 
ber of ambulatory BP readings per patient was 107.4 
(SD 12), and 89.6 (SD 11) readings per patient fulfilled 
editing criteria. Error percentage. was 15.9% (SD 12). 
ECHOCARDIOGRAPHIC METHDDS: M-Mode echocardio- 
grams were recorded under cross-sectional control using 
ATL Ultramark 8 and 9 systems (Advanced Technolo- 
gy Laboratories, Bellevue, Washington). LV measure- 


TABLE Ii Relations of Casual and Average 24-Hour Ambuletory Blood Pressure to the aa indexes of Left 


Ventricular Struccure 
All Subjects (n = 257) 


End-diastolic IVS thickness 
End-diastolic PW thickness 
LV mass 


LV mass index 

Relative well thickress - 
Cross-sectional area 
Cross-sectional area index 


4 


584 THE AMEFICAN JOURNAL OF CARDIOLOGY YOLUME 66 


Normotensives (n = 92) 





Hypertensives (n = 165) 


p <0.01. 
DBP = diastolic blocd pressure; IVS = interventricular septum; LV =left ventricular; PW = posterior wall; SBP = systolic blood pressure. 


3 


ments were obtained at end-diastole and end-systcle ac- 
cording to the recommendations of the American Soci- 
ety of Echocardiography (ASE)! LV mass was 
calculated using the following equation based on nec- 
ropsy validation studies'®; LV mass = 0.80 X [(ASE- 
cube LV mass)] + 0.6 g, and ASE-cube LV mass = 

1.04 X [(VSd + LVIDd + PWTd)? -— LVIDd?], 
where [VSd = interventricular septal thickness at end- 
diastole, LVIDd = LV internal dimension at end-dias- 
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tole, and PWTd = = posterior wall thickness at end-dias- 
tole. 

- All EAE E examinations were performed 
by the same sonographer. Echocardiographic tracings 
were read in random order by 2 investigators who were 
unaware of the patients’ casual and ambulatory BP lev- 
els. Both investigators marked locations on stop frames 
on the screen of the ATL Ultrasound System, and the 
mean values from 25 measurements for each parame- 
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FIGURE 1. Relation of left ventricular mass index to casual (cli ea and average 24-hour ambulatory systolic blood pressure. 


See text for explanation. 
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FIGURE 2. Relation of lefi ventricular mass index to casual iclinical) and average 24-hour vines diastolic blood pressure. 
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ter for observer were computed. Only frames with opti- 
mal visualization Œ LV interfaces and showing simulta- 
neous visualizatior of IVS, PWT and LVID throughout 
the cardiac cycle ~vere considered for reading. Relative 
wall thickness2® aid cross-sectional area?! were calcu- 
lated as previously described. Fractional shortening was 
calculated accorcing to the formula [(LVIDd — 
LVIDs)/LVIDd] x 100. 

STATISTICAL ANALYSIS: All data were stored by using 
the DBASE III software, and analyzed by using the 
SPSS/PC+ V2.0 package.*? One-way analysis of vari- 
ance, nonparamet-ic tests and multiple comparisons ac- 
cording to Tukeys test were used to compare the nor- 
motensive with th - hypertensive group. The z statistics*? 
were used to test “he significance of differences between 
correlation coefficients, and the t statistics?* to Lest par- 
allelism of differ-nt regression lines. The 5% level of 
statistical significance was adopted for all tests. 


RESULTS 

Table I lists tte statistical significance of dicferences 
between hypertensive patients and healthy normotensive 
subjects. Age, he-ght, weight, sex prevalence end body 
surface area did rot differ between the 2 groups. Casual 
and ambulatory neart rate were slightly higher in the 
hypertensive thai in the normotensive group. Preva- 
lence of LV hyzertrophy (LV mass index :>120 g/ 
m? 25:26) was 7% in the normotensive and 17.€% in the 
hypertensive grocp. Within the latter group it was 14.8 
and 30.0%, respe=tively, in patients with casual diastolic 
BP 90 to 104 mm Hg (n = 135) or 2105 mm Hg (n = 
30). 
Relations of casual and ambulatory blood pressure 
to left ventriculzr structure: Table II lists the correla- 
tion coefficients -f the echocardiographic indexes of LV 
structure to casal and ambulatory BP. In general, 
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there were weak correlations between casual or ambula- 
tory BP readings and echocardiographic indexes of LV 
structure. However, all correlations in the normotensive 
and hypertensive groips were closer to the ambulatory 
than to the casual readings (all values p <0.05, with the 
exception of the correlations between diastolic BP and 
septal thickness, relative wall thickness and cross-sec- 
tional area index, which showec nonstatistically dissimi- 
lar correlation coefficients between casual and ambula- 
tory readings). 

A plot of the relation of LV mass index to casual 
and average 24-hour systolic BP is shown in Figure 1. 
The relation of LV mass index to casual systolic BP was 
defined by the equation: LV mass index (g/m?) = 0.636 
X casual systolic BF (mm Hg) — 5.74 (standard error 
of the b coefficient [SEb] = 0.134). The relation of LV 
mass index to average 24-hour systolic BP was defined 
by the equation: LV mass index (g/m?) = 1.01 X aver- 
age 24-hour systolic BP (mm Hg) — 47.8 (SEb = 
0.147). LV mass index increased more with average 24- 
hour than with casual systolic BP (parallelism test?4: p 
<0.05). A plot of tke relation of LV mass index to ca- 
sual and average 24-hour diastolic BP is shown in Fig- 
ure 2. The relation of LV mass index to casual diastolic 
BP was defined by the equation: LV mass index (g/m?) 
= 1.405 X casual diastolic BP (mm Hg) — 41.78 (SEb 
= 0.375). The relation of LV mass index to average 24- 
hour diastolic BP was defined by the equation: LV mass 
index (g/m?) = 1.319 X average 24-hour diastolic (mm 
Hg) — 25.23 (SEb = 0.297). LV mass index increased 
in a similar fashion to average 24-hour and casual dia- 
stolic BP (parallelism test”4: p = difference not signifi- 
cant [NS]). 

Risk stratification of left ventricular hypertrophy: 
Figure 3 shows the scatter plot of the relation of aver- 
age 24-hour ambulatory or casual systolic BP in the hy- 


FIGURE 3. Relation of average 24- 
hour to casual (clinical) systolic blood 
pressure. The limit of 10 mm Hg above 
and below the regression line was used 
to generate groups of patients with 
ambulatory systolic blood pressure dis- 
proportionally high (210 mm Hg) or 
low (<10 mm Hg) relative to casual 
blood pressure. 
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pertensive group. The relation was defined by the equa- 
tion: Average 24-hour ambulatory systolic BP (mm Hg) 
= 54.16 + (0.55 X casual systolic BP [mm Hg]), SEb 


= 0.051, r = 0.64, p <0.001. 


The scatter plot of the relation of average 24-hour 
ambulatory to casual diastolic BP in the hypertensive 
group is shown in Figure 4. The relation was defined by 
the equation: Average 24-hour ambulatory diastolic BP 
(mm Hg) = 28.35 + (0.65 X casual diastolic BP [mm 
Hg]), SEb = 0.08, r = 0.52, p <0.001. 

Both figures show that average 24-hour BP in some 
patients fell notably bove or below the regression tine. 
Thus, according to the methodology used by Perloff et 
al,>° hypertensive patients were classified into 3 groups 
according to the difference between their observed and 
their predicted level (regression line) of ambulatory BP 
estimated from their casual BP. The “high” ambulatory 
BP group was defined by an average 24-hour systolic 
BP 210 mm Hg than predicted or by an average 24- 
hour diastolic BP 26 mm Hg than predicted. The 
“low” BP group was defined by an average 24-hour sys- 
tolic BP <10 mm Hg than predicted or by an average 
24-hour diastolic BP <6 mm Hg than predicted. The 
remaining patients, who had average 24-hour ambulato- 
ry BP within 9 mm Hg (systolic) or 3 mm Hg (diastol- 
ic) around the predicted level, were classified into an 
“intermediate” ambulatory BP group. Thirty-two, 102 
and 31 patients, respectively, were classified into the 
low, intermediate and high BP groups based on ambula- 
tory systolic BP (66, 71 and 68% of whom (p = NS) 
had never been treated), and 38, 93 and 34 patients 
were classified into the low, intermediate and high BP 
groups based on ambulatory diastolic BP (61, 70 and 
67% of whom (p = NS) had never teen treated). The 
main findings in the normotensive control subjects and 
hypertensive patients in the 3 groups are listed in Table 
III (systolic BP) and Table IV (diastolic BP). Whereas 
age did not differ between the groups, body surface area 
was slightly lower in the low ambulatory BP group com- 
pared with that in the cther groups. Casual systolic and 


“ diastolic BPs were lower in the normotensive group 


compared with each of the hypertensive groups, but not 
dissimilar between the 3 hypertensive groups. Preva- 
lence of men was higher in the higk ambulatory BP 
groups (68% in both) compared with the intermediate 
(56% in both) and low (systolic 31%, diastolic 34%) BP 
groups (all p <0.01). 

LV mass and other indexes of LV structure in- 
creased in the high ambulatory BP groups, particularly 
when compared with indexes in the low and, to a lesser 
extent, intermediate BP groups. LV end-diastolic diam- 
eter and shortening fraction did not differ between 
groups. Prevalence of LV hypertrophy was 7% in the 
normotensive group, 6, 15 and 39% in the low, interme- 
diate and high BP groups defined by systolic BP (chi- 
square = 22.5; p <0.0001), and 10, 14 and 35% in the 
low, intermediate and high BP groups defined by dia- 
stolic BP (chi-square = 18.2; p = 0.0004). There were 
no statistical differences between the normotensive and 
low ambulatory BP groups in the echocardiographic in- 
dexes of LV structure, both in terms of absolute values 
and prevalence of LV hypertrophy. LV mass index was 





higher in men than in women in the low ambulatory BP 
group defined by systolic (98 vs 75 g/m?, p <0.05) and 
diastolic (102 vs 83 g/n?, p <0.05) BP, but it did not 
differ between the genders in the high ambulatory BP 
group defined by systo_ic (116 vs 117 g/m?, p = NS) 
and diastolic (117 vs 98 g/m’, p = NS) BP. Electrocar- 
diographic Romhilt-Est2s score was 25 in 2 of 32, 5 of 
102 and 5 of 31 patients, respectively, in the low, inter- 
mediate and high ambu_atory BP groups defined by sys- 
tolic BP, and in 2 of 38. 5 of 93 and 5 of 34 patients in 
the low, intermediate and high BP groups defined by 
diastolic BP, but none of the differences between the 
low and high BP groups yielded statistical significance 
(chi-square = 1.2 and 1.5, respectively, all p = NS). 


DISCUSSION 

The findings of this szudy clarify some clinical impli- 
cations of the superiority of ambulatory over casual BP 
readings in predicting the degree of cardiac involvement 
in a large population of untreated and unselected hyper- 
tensive patients. In these patients, prevalence of echo- 
cardiographic LV hypertrophy was rather low (14.8% in 
those with mild hypertension and 30% in patients with 
casual diastolic BP 2105 mm Hg), as reported in com- 
parable hypertensive porulations.272° 

In agreement with previous studies using noninva- 
sive®” or intraarterial!? BP monitoring, the correlation 
between LV mass and average 24-hour systolic or dia- 
stolic BP was closer than that between LV mass and 
casual BP. All correlations, however, were rather weak, 
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FIGURE 4. Relation of average 24-hour to casual (clinical) 
diastolic blood pressure. The limit of 6 mm Hg above and be- 
low the regression line was used to generate groups of pa- 
tients with ambulatory diastolic blood pressure disproportion- 
ally high (26 mm Hg) or low {1:6 mm Hg) relative to casual 
blood pressure. 


THE AMERICAN JOURNAL OF CARDIOLCGY SEPTEMBER 1, 1990 587 


TABLE III Descripzive Findings, Casual and Ambulatory Blood Pressure and Echocardiographic Data in the Normotensive Group 
and in the “Low” (I, “Intermediate” (Il) and ‘High’ (H) Blood Pressure Groups Defined by the Difference Eetween Observed and 
Predicted Ambulatcry Systolic Blood Pressure 


Multiple Comparisons 


Normo- 
Hypertensive Patients (n = 165) tensives 


Normotensive 
Subjects ll 
Variable = (n= 102) 


Age (yrs) (13) 52 (11) (14) 0.7 
Weight (kg) (15) 76 (13) (13) f 
Height (cm) (8) (8) (10) 

BSA (m°) : . (0.2) (0.2) 

Casual SBP (mrn Hg) (15) (18) 

Casual DBP (mm Hg) (6) (6) 

Casual HR (beats/m n) a3 (12) 

Average 24-hour SBF (mm Hg) (9) (11) 

Average 24-hour DBP (mm Hg) (7) (7) 

Average 24-hour HR beats/min} (8) (8) 

End-diastolic VS thicLness (cm) : F ; (0.2) . (0.3) 

End-diastolic PW thicxness (cm) : . h (0.2) i (0.2) 

LV end-diastolic diam eter (cm) . ; (0.7) : (0.6) 

Shortening fraction o) (8) (7) 

LV mass (£) : (51) (59) 

LV mass index (g/m=) z (26) (28) 

Relative wall thickness ; : 1.28 (0.07) 0.32 (0.08) 0.35 
Cross-sectional aree(crn®) 2 36 145 69) 17.2 46) 203 

Cross-sectional arez index (cm? / mê) : (1.9) 3.48 (1.9) 9.36 (2.2) 11.06 


Data expressed as mean + standard deviation. 

i= ambulatory systolE bleod pressure <10 mm Hg than predicted; | = ambulatory systolic blood pressure within 9 mm Hg of predicted; ill = ambulatory systolic blood pressure 
210mm Hg than predicted, 

ANOVA = analysis of \ariance; BSA = body surface area; DBP = diastolic blood pressure; HR = heart rate; LV = left ventricular; NS = not signiffiant; PW = left ventricular posterior 
wail; SBP = systolic blocd pressure; VS = ventricular septum; ® = p<0.21;1p<0.05. 
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TABLE IV Desciptive Findings, Casual and Ambulatory Blcod Pressure and Echocardiographic Data in the Normotensive Group 
and in the “Low” (1), “Intermediate” (I) and “High” (IH) Blood Pressure Groups Defined by the Difference Between Observed and 
Predicted Ambulatory Diastolic Blood Pressure 


Multiple Comparisons 


Normo- 
H,pertensive Patients (n = 165) tensives 
Normotensive  —————--———————— aaae 
Subjects II 
Variable = = (n = 93) 


Age (yrs) (14) (11) (12) 
Weight (kg) (12) (13) (14) 
Height (cm) (8) (8) (9) 
BSA (mô (0.2) , (0.2) ; (0.2) 
Casual SBP {mm g) (13) (16) (19) 
Casual DBP (mm He) (7) (6) (7) 
Casual HR (beats, min) (10) : (11) (13) 
Average 24-hour SBP (mm Hg) (13) (21) (14) 
Average 24-hour EBP imm Hg} (8) (6) (6) 
Average 24-hour HR (beats /min) (6) (9) (8) 
End-diastolic VS tt ickress (cm) ; (0.2) . (0.2) : (0.3) 
End-diastolic PW thickness (cm) (0.1) : (0.2) i (9.2) 
LV end-diastolic dameter (cm) (0.6) i (10,6) ; (0.6) 
Shortening fraction (8) (7) (3) (7) 
LV mass (g) (46) (51) (64) 
LV mass index (g, m2) (23) 90 (26) (31) 111 
Relative wall thickness . (0.07) 0.29 (0.09) : (0.08) 0.34 
Cross-sectional a ea (2m) 2 (3.6) 15.0 (4.1) 1 6D 148 i 
Cross-sectional a ea index (cm? / m3) ‘ (1.9) 8.67 (2.2) 9.20 (2.5) 10.56 (3.3) 
*p<0.01; !p<05. 
Data expressed asanecn + standard deviation. 
| = ambulatory diastolic blood pressure <6 mm Hg than predictec; li = ambu atory diastolic blood pressure within 5 mm Hg of predicted; It = ambulatory diastolic blood pressure 


26 mm Hg than pres ictec. 
Abbreviations as ir Tabia Hi. 
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and no more than 25% of variability in the echocardio- 
graphic indexes of LV structure could be accounted for 
by the relation with either ambuletory or clinical BP. 
The weakness of these correlations supports the 
view”? that several factors besides BP, including he- 
modynamic load and myocardial contractility,*! are 
probably involved in the development of LV hypertro- 
phy in human hyperéension. 

Prediction of the degree of cardiac hypertrophy: 
Because correlation coefficients measure only the close- 
ness of an association between 2 variables, a significant 
difference between 2 correlation coefficients does not 
imply, in our case, that the echocardiographic measure- 
ments of LV structure are predictec differently by am- 
bulatory than by casual BP. To clarify this point, we 
compared the slope of the 2 regression lines and found 
that the predicted value of LV mass index increased 
more with ambulatory than with casual systolic BP, and 
increased to a compazable extent with ambulatory and 
casual diastolic BP. Thus, the same systolic BP level 
predicted a higher mean value of LV mass if it was the 
average of about 90 noninvasive readings throughout 
the 24 hours, and predicted a lower mean value of LV 
mass if it was a casual reading. By contrast, the same 
level of ambulatory or casual diastolic BP predicted 
comparable values of LV mass. Ambulatory systolic BP 
was thus superior to ambulatory diastolic BP in terms of 
advantage over casual BP in the prediction of the echo- 
cardiographic measurements of LV structure in hyper- 
tension. = 

Clinical implications: The high long-term morbidity 
and mortality in hypertensive patients with ambulatory 
BP significantly higher than predicted>* has been inter- 
preted as an effect of greater cardiovascular load 
throughout 24 hours in these patients (thus producing 
higher long-term risk) than in patients with similar ca- 
sual but lower ambulatory BP levels. These epidemio- 
logic findings suggest that casual and ambulatory BP 
readings are not alternative but comp!ementary tools to 
assess the risk in an individual patient. 

In this study, LV mass and other echocardiographic 
indexes of cardiac hypertrophy were increased in pa- 
tient with disproportionally high ambulatory BP com- 
pared with patients in the low ambulatory BP group. 
The prevalence of LV hypertrophy, which did not differ 
between the normotensive and the low ambulatory BP 
groups, increased by mcre than fourfold from the low to 
the high ambulatory BP group. There were more wom- 
en in the low than in the high ambulatory BP group, in 
agreement with the findings of Pickering et al?* who 
showed a higher prevalence of women among subjects 
with “white-coat hypertension” (i.e. normal daytime 
ambulatory BP despite clinical hypertension); this could 
explain part of the variation of LV mass between the 3 
ambulatory BP groups. In fact, LV mass seems to be 
lower in hypertensive wemen than in men,”° at least be- 
fore menopause.*? In our study, LV mass was lower in 
women than in men in the group at lower risk of LV 
hypertrophy, but did not differ between the genders in 
the group at higher risk of LV hypertrophy. 





Prevalence of LV hypertrophy by electrocardiogra- 
phy was low, as noted in comparable patient popula- 
tions, and not enough to differentiate the high from 
the low ambulatory BP groups. This is probably due to 
the lower sensitity of electrocardiography in comparison 
with echocardiography in detecting LV hypertrophy 
proved at necropsy.?° 

The findings of this study suggest that one possible 
reason for the prognostic value of noninvasive ambula- 
tory BP readings, as it nas been reported,> may be the 
stratification of patients into subsets at different risk of 
echocardiographically cetermined LV hypertrophy, an 
independent prognostic marker.!2-!> 

A practical clinical implication of our findings is 
that a thorough echographic examination of the left 
ventricle should be recommended in hypertensive pa- 
tients with ambulatory BP disproportionally high rela- 
tive to casual BP, and c.assified in the high ambulatory 
BP group. Conversely, echocardiography is probably of 
little clinical importance in hypertensive patients with 
ambulatory BP dispropcrtionally low relative to casual 
BP and classified in the low ambulatory BP group. In 
these patients, LV mass index and other indexes of LV 
hypertrophy are likely to be within the normal range. 
These conclusions are supported by a recent study by 
White et al, who showed that in patients who were 
found to be hypertensive in the physician’s office, but 
normotensive on the basis of noninvasive ambulatory 
BP monitoring, LV mass index was not different from 
that of normotensive conzrol subjects, and lower than in 
patients with higher ambulatory BP values. 


Acknowledgment: We thank Maria Marchini for 
her help in data handling. 


REFERENCES 

1. Sokolow M, Perloff D. The prognosis of essential hypertension treated conser- 
vatively. Circulation 1961 ;23:697-7 3. 

2. Kannel WB. Role of blood pressurz in cardiovascular morbidity and mortality. 
Prog Cardiovasc Dis 1974;17:5~24. 

3. Kannel WB, Gordon T, Offut D. Left ventricular hypertrophy by electrocar- 
diogram. Prevalence, incidence and mortality in the Framingham Study. Ann 
Intern Med 1969;71:89~105. 

4. Kannel WB, Gordon T, Castelli WP, Margolis JR. Electrocardiographic left 
ventricular hypertrophy and risk of coronary heart disease. The Framingham 
Study. Ann Intern Med 1970;72:813-822. 

5. Perloff D, Sokolow M, Cowan R. The prognostic value of ambulatory blood 
pressure. JAMA 1983;249:2792-2798. 

6. Perloff D, Sokolow M, Cowan RM Juster RP. Prognostic value of ambulatory 
blood pressure measurements: further analyses. J Hypertens 1989;7 (suppl 3):S3- 
SIO. 

7. Mann S, Miller Craig MW, Raftery EB. Superiority of 24-hour measurement 
of blood pressure over clinic values in cetermining prognosis in hypertension. Clin 
Exp Hypertens 1985;A7:279-281. 

8. Drayer JIM, Weber MA, DeYourg JL. BP as a determinant of cardiac left 
ventricular muscle mass. Arch Intern Med 1983;143:90-92. 

9. Devereux RB, Pickering TG, Harshfield GA, Kleinert HD, Denby L, Clark L, 
Pregibon D, Jason M, Kleinert B, Bore- JS, Laragh JH. Left ventricular hypertro- 
phy in patients with hypertension: importance of blood pressure response to 
regularly recurring stress. Circulation 1983,68:470-476. 

10. Rowlands DB, Glover DR, Irelanc MA, McLeay RAB, Stallard TJ, Watson 
RDS, Littler WA. Assessment of left ventricular mass and its response to antihy- 
pertensive treatment. Lancet 1982;1:457-460. 

11. Verdecchia P, Schillaci G, Guerrieri M, Gatteschi C, Benemio G, Boldrini F, 
Porcellati C. Circadian blood pressure changes and left ventricular hypertrophy ìn 
essential hypertension. Circulation 1920,81:528--536. 

12. Casale PN, Devereux RB, Milner M, Zullo G, Harshfield GA, Pickering TG, 
Laragh JH. Value of echocardiographict measurement of left ventricular mass in 


THE AMERICAN JOURNAL OF CARDIOLGGY SEPTEMBER 1, 1990 589 





predicting cardiovascular morbid events in hypertensive men. Ann Intern Mea. 
1986;105:173-178. 

13. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Lef™ ventricular 
mass and incidence of coronary heart disease in an elderly cohort. The Framing- 
ham heart study. Ann Imern Med 1989-1 10:101-107. 

14. Koren MJ, Casale PN, Savage DD, Laragh JH, Devereux RB. Relation 37 
left ventricular mass to prognosis in essential hypertension. Circu‘ation [98% 
80(suppl I)A1-538. 

15. Levy D, Garrison EJ, Savage DD, Kannel WB, Castelli W. Prognosti- 
implications of echocard.ographically determined left ventricular mass in the 
Framingham heart study. N Engl J Med 1990;322:1561-1566. 

16. Verdecchia P, Gattesthi C, Benemio G, Boldrini F, Guerrieri M, Porcellati C 
Home ambulatory blood pressure readings do not differ from clinic readings takea 
at the same time of day. J Hum Hypertens 1988;2:235-240. 

17. Harshfield GA, Pickering TG, Blank S, Lindahl C, Stroud L, Laragh JF. 
Ambulatory blood pressure monitoring: recorders, applications and analyses. Ir: 
Weber MA, Drayer JIN , eds. Ambulatory Blood Pressure Monitoring. Darm- 
stadt: Steinkopff Verlag 1924:1~7. 

18. Sahn DJ, DeMaria A, Kisslo J, Weyman A. The Committee on M-Moce 
Standardization of The American Society of Echocardiography. Recommend:- 
tions regarding quantitation in M-mode echocardiography: results of a survey =f 
echocardiographic meas2rements. Circulation 1978;58:1072-1083. 

19. Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo. E, Sachs I, 
Reichek N. Echocardiographic assessment of left ventricular hypertrophy: cora- 
parison to necropsy finéings. Am J Cardiol 1986,;57:450-458. 

20. Reichek N, Devereux RE. Reliable estimation of peak left ventricular systolic 
pressure by M-mode echographic determined end-diastolic relative wall thickness: 
identification of severe valvular aortic stenosis in adult patients, Am Heart J 
1982;103:202--209. 

21. Ditchey RV, Schuler G, Peterson KL. Reliability of echocardiographic aad 
electrocardiographic parameters in assessing serial changes in left ventricuhr 
mass. Aim J Med 198170:1942~-1050. 

22. Norusis MJ/SPSS -nc. SPSS/PC+ V2.0. Base manual. Chicazo, ILL: SPES 
Inc, 1988. 

23. Snedecor GW, Cochran WG. Statistical methods. 7th ed. <mes, 1A: The 
Towa State University Press, 1980:186-187. 

24. Glantz SA. Primer cf biostatistics. 2nd ed. New York: UcGraw-H ll, 
1987:21 1. 


590 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 36 


25. Devereux RB, Pickering TG, Alderman MH, Chien S, Borer JS, Laragh JH. 
Left ventricular hypertrophy in hypertension. Prevalence and relationship to 
pathophysiologic variables. Zypertension 1987;9(suppl IN-:1I-53-H-60. 

26. Devereux RB, Lutas EM. Casale PN, Kligfield P, Eisenberg RR, Hammond 
IW, Miller DH, Reis G, Alderman MH, Laragh JH. Standardization of M-mode 
echocardiographic left ventricular anatomic measurements, J Am Coll Cardiol 
1984:4:1222-1230. 

27. Hammond IW, Devereux RB, Alderman MH, Lutas EM, Spitzer MC, 
Crowley JS, Laragh JH. The prevalence and correlates of echocardiographic left 
ventricular hypertrophy among employed patients with uncomplicated hyperten- 
sion. J Am Coll Cardiol 1936;7:639-650. 
28. Kieinert HD, Harshfield GA, Pickering TG, Devereux RB, Sullivan PA, 
Marion RM, Mallory WK, Laragh JH. What is the value of home. biood pressure 
measurement in patients with mild hypertension? Hypertension 1984;6:574-578. 
29, Devereux RB. Echozard-ographic insights into the pathophysiology and prog- 
nostic significance of hypertensive cardiac hypertrophy. Am J Hypertens 1989; 
21868-1958. 

30. Frohlich ED. Physiologic considerations in left ventricular hypertrophy. In: 
Messerli FH, ed. The Heart and Hypertension. New York; Yorke Medical Books, 
1987:87-98. 

31. Ganau A, Devereux RB, Pickering TG, Roman MJ, Schnall PL, Santucci S, 
Spitzer MG, Laragh JH. Relation of left ventricular hemodynamic load and 
contractile performance to left ventricular mass in hypertension. Circulation 
1990,81:25-36. 

32. Pickering TG, James GD, Boddie C, Harshfield GA, Blank S, Laragh JH. 
How common is white coat hypertension? JAMA 1988;259:225-228. 

33. Garavaglia GE, Messarli FH, Schmieder RE, Nunez BD, Oren S. Sex 
differences in cardiac adaptation to essential hypertension. Eur Heart J 1989; 
10:1 110-1114. 

34, Carr AA, Prisant If, Watkins LO. Detection of hypertensive left ventricular 
hypertrophy. Hypertension 1985;7:948-954. 

35. Devereux RB, Casale PN, Wallerson DC, Kligfield P, Hammond IW, Lieb- 
son PR, Campo E, Alonso DR, Laragh JH. Cost-effectiveness of echocardiogra- 
phy and electrocardiograpty for detection of left ventricular hypertrophy in pa- 
tients with systemic hypertension. Hypertension 1987;9(suppl I1):H-69-I-76. 
36. White WB, Schulman P, McCabe EJ, Dey HM. Average daily blood pres- 
sure, not office blood pressure, determines cardiac function in patients with hyper- 
tension. JAMA 1989,;261:873-877. 


` 











Cardiac and Skeletal Muscle Adaptations to 
Training in Systemic Hypertension and Effect of 
Beta Blockade (Metoprolol or Propranolol) 


Philip A. Ades, MD, Peter G.S. Gunther, MD, William L. Meyer, PhD, Thomas C. Gibson, MB, 
‘John Maddalena, PhD, and Thomas Orfeo, FhD 


Cardiovascular and peripheral adaptations to an 


aerobic conditioning program were studied in 30 
hypertensive adults taking either placebo, §,-selec- 
tive 6-adrenergic blocker (metoprolol) or 8,-nonse- 
lective 8-adrenergic blocker (propranolol). The pla- 
cebo group increased aerobic capacity (VO2max) 
24% (p <0.002), largely explained by an increased 
peripheral arteriovenous (AV) oxygen difference 
with minimal changes in cardiac size and function. 
Resting blood pressure and total systemic resis- 
tance also decreased. The group taking a §;-selec- 
tive 8 blocker increased VO2max 8% (p <0.05), re- 
duced resting blood pressure but had no significant 
change of AV oxygen difference or cardiac size or 
function. The group taking the §;-nonselective 8 
blocker propranolol had no increase in VO2max, no 
decrease in resting blood pressure and no cardio- 
vascular or peripheral adaptations to the exercise 
program. Thus, f;-selective and 8;-nonselective 8 
blockers attenuate conditioning in hypertensive pa- 
tients to differing degrees, in each case by blocking 
peripheral mechanisms of conditioning. 

(Am J Cardiol 1990;66:591-596) 
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eta-adrenergic blocking agents have been demon- 
Be= in most studies to exert significant nega- 

tive effects on acute exercise capacity and condi- 
tioning response to an aerobic exercise program in 
healthy subjects.'-> Maximum voluntary exercise time 
and aerobic capacity are diminished and exercise condi- 
tioning related adaptations are attenuated. Studies of 
exercise conditioning in hypertensive patients demon- 
strate an increased aerobic capacity along with a gener- 
ally reduced resting blood pressure.°-® Because 6-adre- 
nergic blocking agents aze first-line drugs for the thera- 
py of arterial hypertension,’ we tested the hypothesis 
that -adrenergic blocke-s also exert negative effects on 
the exercise conditioning response in hypertensives, with 
special attention to card:ac and -peripheral adaptations. 
Because (,-selective blockade may preserve 62 receptor- 


mediated vasodilation ard substrate availability during 


exercise, effects of the szlective agent metoprolol were 
compared to the nonselective agent propranolol. 


METHODS 

Patients: Thirty-one hypertensive adults, aged 30 to 
55 years (mean + standard deviation 46.5 + 7) were 
recruited. Resting seated blood pressure was determined 
by cuff sphygmomanometry. Nine values obtained on 
separate days were averazed. Screening was performed 
at least 2 weeks after discontinuation of any antihyper- 
tensive drugs. All subjects had either a diastolic pres- 
sure 295 mm Hg, a systolic pressure 2145 mm Hg or 
systolic and diastolic pressures both 2140/90 (mean 
145 + 5/95 + 4). All sub-ects were sedentary nonsmok- 
ers and had normal hematocrits. A preliminary maxi- 
mal treadmill exercise test with electrocardiographic 
monitoring and expired gas analysis familiarized sub- 
jects with the apparatus. Subjects were randomized into 
3 groups of similar fitness, blood pressure, body weight 
and male/female ratio (Table I). 

Baseline studies: Before drug therapy, subjects un- 
derwent baseline fitness testing on the treadmill in addi- 
tion to specific assessments of cardiac size and function 
and a muscle biopsy determination of skeletal muscle 
oxidative enzyme activity. Aerobic exercise capacity 
was determined by having subjects perform exercise to 
exhaustion on the treadmill using a modified Balke pro- 
tocol,!° with expired gas aralyzed at 30-second intervals 
by a Sensormedics Horizon metabolic measurement 
cart (Anaheim, California’. Exercise was terminated at 
exhaustion in all 31 subjects. In all cases this was associ- 
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TABLE I Baseline Sutject Characteristics 


Pleceko Metoprolol Propranolol 















Age (yr) 4842 4622 4742 

Male /female 7/3 7/3 8/2 

Weight (kg) 87745 86.8 +6 83.2 +4 

Blood pressure 146/9547/2 144/9344/6 1447/954/4 

VO2max 30.248 32.148 34.148 
(ml/kg/min) 

RER 1.12 +0.10 1.13 +0.06 1.11 +0.05 










Values are mean + stat dard deviation. _ ; . i 
RER = respiratory eqtivalence ratio = VCO? + VO2; VOomax = mammal oxygen 
consumption. 





ated with a respiratory equivalence ratio (VO. = 
VCO.) >1.00 (mean 1.12 + 0.07). No subjects stopped 
for chest pain, clectrocardiographic ischemiz, cardiac 
arrhythmia or extreme hypertensive response (2230 
mm Hg systolic}. 

Cardiac studies included a rest and exercise hemod»- 
namic evaluation using carbon dioxide (CO) rebreath- 
ing technique (seated and during treadmill exercise) for 
determination af cardiac output, a resting M-moace 
echocardiographic evaluation (in the left lateral decuti- 
tus position) and measurement of systolic time interva-s. 
The CO, rebreathing technique has been validaied 
against invasive techniques (Fick, thermodilution); ccr- 
relations are excellent at rest and even better during ex- 
ercise.!!-!4 In our laboratory the standard deviation of 
within-subject variability is 0.58 liters/min and the œ- 
efficient of varietion is 10% for resting cardia> output: }° 
During exercise, these values are 0.87 liters/min and 
6%. Cardiac ou-puts were determined in trip_icate bcth 
at rest and durmg steady-state exercise at 5-minute n- 
tervals at an imtensity of 70% of the previously deter- 
mined maxima. oxygen consumption (VO max). De- 
rived values include stroke volume (cardiac output + 
heart rate), cardiac index, arteriovenous (AV) oxygen 
difference (oxyzen consumption + cardiac output) and 
total systemic -esistance in dynes+scm-> [mean blcod 
pressure X 80) + (cardiac output)]. 

Echocardiographic, phonocardiographic end carctid 
displacement tracings were recorded by the same tezh- 
nician using an Irex II system. Left ventricular M-mede 
dimension date were obtained and analyzec accord_ng 
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to the recommendations of the American Society of UL 
trasound.!® Left ventricular volumes were calculated us- 
ing the Teichholtz formula!’ and left ventricular mass 
by the cube metkod of Devereux and Reichek.!® Systol- 
ic time intervals were recorded and measured using the 
methodology of Weissler and Garrard.!? All data were 
measured from 2 successive cardiac cycles by 2 observ- 
ers independently and a consensus determined. 

Skeletal muscle studies: Skeletal muscle biopsy 
samples were obtained from the vastus lateralis muscle 
at rest using a closed-needle technique. Mean sample 
wet weight was 34 mg. Samples were frozen at —20°C 
for biochemical analysis. Succinyl dehydrogenase activi- 
ty was determined by a modification of the method of 
Cooperstein et al?° and expressed as enzyme units (mi- 
cromole substrate converted per minute) per mg pro- 
tein. Carnitine palmityl transzerase was measured by a 
method patterned after that of Hoppel and Tomec.?! 
Activity was decermined on C.1 ml of homogenate in a 
reaction volume of 1.0 ml for 30 minutes at 30°C. The 
reaction mixture contained 500 mM tris-chloride buffer 
at pH 7.4, 500 mM hydroxylamine, 5 mM glutathione, 
0.6 mM palmityl carnitine and 2 mM coenzyme A. A 
unit of activity corresponds to production of 1 nmole of 
product per minute. 

After baseline testing, subjects began therapy in a 
double-blinded randomized fashion with either propran- 
olol 80 mg, metoprolol 100 mg or placebo, each taken 
twice daily. The maximal siress test and the cardiac 
output determinations were repeated after 1 week of 
drug therapy. Equivalence of 8-blocking effect was con- 
firmed by a similar decrement of maximal exercise 
tachycardia (—44 beats/min with metoprolol, —48 
beats/min witk propranolol, p = not significant [NS]). 

Training protocol: Subjects performed a 10-week 
training protocal of treadmill and bicycle exercise. They 
exercised 4 times weekly wizh sessions consisting of 30 
minutes of electrocardiographically monitored treadmill 
exercise, 15 minutes of bicycle ergometry and 5 minutes 
of rowing as well as warm up and cool down. Intensity 
was monitored to keep heart rate at 75 to 85% of maxi- 
mal measured heart rate w:th the drug. The 3 groups 
trained at similar exercise intensities, extrapolated from 
training heart rates on the treadmill, averaging 70.3% of 


FIGURE 1. Study flow diagram. E.T.T. = 
Drug exercise treadmill test. 
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TABLE II Acute Effects of Beta-Adrenergic Blockade 


Placebo 


Predrug 


794 14 
146/95 £ 7/2 


79312" 
138/89 + 14/8 


Resting heart rate (beats/min) 
Blood pressure (mm Hg) 
Cardiac output 

Rest (liters /min) 

Exercise (0.7 VO2max) 
Exercise heart rate {beats/min} 
Stroke volume (mi) 

Rest 

Exercise (0.7 VOzmax) 

* p <0.05 compared to other 2 drug groups. 


t p <0.05 compared to fre-drig valves are mean + standard deviation. 
VO2max = maximal oxygen consumption. 


4.9 +0.9" 
12.143.0 
125 + 22 


4640.8 
13.0 4 3.0 
126 + 24 


61416 
103 + 23 


644+ 15 
97 +21 





baseline VO.max. After training, groups were retested 
with and without the drug as demonstrated on the study 
flow diagram (Figure 1). One subject was withdrawn 
from the protocol because of uncontrolled hypertension 
(>170 mm Hg) with drug therapy (placebo). The re- 
maining 30 subjects attended 95% ot the sessions. 

Data analysis: Intergroup comparisons before and 
after training were obtained by a 2-way analysis of vari- 
ance with the Scheffé correction for multiple compari- 
sons. Intragroup comparisons before and after training 
used Student’s ¢ test for paired values. 


RESULTS 

Drug effects before conditioning: EXERCISE PERFOR- 
MANCE: The short-term effects of selective and nonselec- 
tive -blockade on exercise performance were assessed 
after 1 week of therapy and have been reported previ- 
ously. Propranolol diminished VO max by 13% com- 
pared with baseline (p <0.05). This effect differed from 
the effects of metoprolol (—3%, p = NS) and placebo 
(+4%, p = NS) (Figure 2). Exercise duration dimin- 
ished with propranolol from 17.2 + 4 to 16.0 + 3 min- 
utes, which differed from the slight increase in treadmill 


40 
38 


36 


FIGURE 2. Maximal oxygen consumption 
(¥O2max) before and after exercise condi- 
tioning. E.T.T. = exercise treadmill test- 
ing. (Reproduced with permission from 
Ann Intern Med.®) 
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VO, max lec/Kg/min] 


30 


28 


Metoprolol 


Predrug 


144/93 44/6 


Propranolol 


Predrug 


85+ 13 64491 


127/83 418/13 


81410 
144/9544/4 


6l+8t 
125/78 + 13/9! 


4,8 +0.6t 
12.7 +2.7t 
102421 


5.41.1 
13.9425 
134 + 26 


5.3+0.8 
13.5 2.4 
129 +23 


4940.8! 
12.2 + 2.6% 
101 +18 


80 + 18! 
124422 


65+ 14 
104417 


93 +15! 
12it2i! 


71419 
105 + 20 


time noted with placebo and metoprolol (p <0.05). Nei- 
ther 8 blocker affected peak respiratory equivalence ra- 
tio (metoprolol 1.13 + 0.06 to 1.13 + 0.11, propranolol 
1.11 + 0.05 to 1.08  C.05, both p = NS.) 

Hemodynamics: Bota propranolol and metoprolol 
diminished resting systolic and diastolic blood pressure 
compared with placebo (Table II). Resting cardiac out- 
put was diminished with propranolol (p <0.05) and 
with metoprolol (p <0.05) compared with the baseline 
measure before drug administration, and these changes 
with each drug differed from the effect of placebo (p 
<0.02). Exercise cardiac output measured at an exer- 
cise intensity of 70% of predrug VO.max was dimin- 
ished by each 6 blocker compared with the predrug 
evaluation (p <0.05). Stroke volume at rest was in- 
creased from baseline w:th metoprolol (p <0.05) and 
propranolol (p <0.05) but not with placebo (p = NS). 
Total systemic resistance was unaffected by either of 
the drug therapies. During exercise, stroke volume was 
higher with each 6 blocker than that before the drug 
and compared with placebo. However, cardiac output 
during exercise was diminished in each of the 8-block- 
ing groups. 


Propranolol 


Metoprolol, 


Placebo,-~~ 


A i i TRAINING } J 





A B Cc D 
(Pre-drug) (Drug) (Drug) (Off Drug) 
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TABLE ili Effects of Beta-Adrenergic Blockade After Conditioning 


Placebo 


A 


75414 66 + 17* 
146/95 47/2 


30.2 + 8 


Resting heart rate (b2ats /min) 
Blood pressure (mmHg) 
VOzmax (ml/kg/min) 

Cardiac output (liter:./ min) 
Rest 4.6408 
Exercise (0.7 VOzrmax) 13.043 

Exercise heart rate Gears /min) 126 + 24 

Stroke volume (ml) 

Rest ‘ 61+16 
Exercise (0.7 VOo2max} 103 + 23 

Arteriovenous O2 dif (mi / 100 mi) 13.8+ 1.2 

Exercise VO» 18+4 
* p <0.05 vs precond tioni-g. 

t p <0.05 vs other 2 groups. 


t p <0.05 vs placebo. 
roe are mean + standard deviation. 


Sy a ae 


5.24015 
11.44 1.7* 
109 + 21 


77+ 22* 
105 + 20 
-5.6 +2.27 

1843 


135,87 + 13,79% 


Metoprolo! Propranolol 


A A 


87+12 
144/92+44/11 
34.7493 


81 4:10 
144/95 +4/4 
34.147 


90412 
133/87 49/7* 
34.84 7* 


85413 
144/93 +4/6 
32.148 


5.7 +41.2 
13.1 + 2.4 
125419 


5.41.1 
13.5 + 2.4 
129 + 23 


5.44 1.4 
13.04 2.6 
131421 


5.3.8 
13.942.5 
1344+26 


712+19 
105 + 20 
144+41.3 

19+3 


72421 
105+ 20 
14.341.5 

1942 


65414 
1044 17 
13.1423 

18+4 


68 +4 23 

99 + 16 
13.441.4 

1743 





= preconditioning, predrug; D = postconditioning, postdrug: diff = ¢ fference; other abbreviations as in Table I. 


Effect of be-za blockers on conditioning response: 
EXERCISE PERFOEMANCE: The placebo group improved 
maximal aerobie czpacity from by 24% from test A io 
test D (p <0.002) (Figure 2, Table III). The metoprobol 
group improved aerobic capacity 8% (p <0.05), whereas 
the propranolol group showed no overall im>rovement 
in aerobic fitness (£ = NS). The increase in VO2max in 
the placebo group was significantly greater than tae 
changes in propranolol (p <0.05) with the mnetopro ol 
intermediate group (p = NS vs placebo or propranolcl). 
Exercise duration increased in all 3 groups from test A 
to test D with treadmill duration increasing 6.1 minu-es 
with placebo, 4.7 minutes with metoprolol and 2.9 mn- 
utes with proprano.ol. These differences betw2en groups 
were not significant. When exercise performance vas 
assessed before drug withdrawal (test C), VO2max n- 
creased 17% wich placebo (p <0.01) with a 4% increase 
noted with meioprolol (p = 0.19) and a 5% decrease 
with propranolol (p = 0.24). The change in the placebo 
group differed from the propranolol group (p <0.0). 
For the entire sudy group, men (n = 22) anc women (n 

= 8) trained to a similar degree, with men increas _ng 
VO2max by 12% and women by 7% (p = NS). 

Hemodynamics: Resting systolic blood pressure, 
measured at time D, after drug withdrawal, decreased 
significantly in bozh the placebo and metoprolol groups 
(p <0.05) in conżrast to the propranolol group (p = 
NS) (Table II). Diastolic pressure decreased with pla- 
cebo (p <0.0_) and metoprolol (p <0.01), with no 
change with propranolol (p = NS between grouss). 
Maximal hear. rate and heart rate-systolic blood p-es- 
sure product were unchanged in the 3 groups, with 
drugs, after ccnditioning. Submaximal (70% VO>rax) 
heart rate and heart rate-systolic blood pressure prod- 
uct both decreased in the placebo group and in the ne- 
toprolol group after conditioning but not in the propran- 
olol group. 

Resting cardiac output measured by tne CO) re- 
breathing tecknique did not change in either of tke 3 
groups with conditioning, after drug withdrawal. How- 
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ever, in the placebo group, the determinants of cardiac 
output were altered by conditioning in that resting heart 
rate was lower (75 + 14 to 66 + | beats/min, p <0.05) 
and stroke volume was higher (61 + 16 to 77 + 22 ml/ 
min, p <0.05). Resting heart rate and stroke volume 
were unaffected y conditioning in both §-blocking 
groups. The higher stroke volume at rest in the placebo 
group did not translate into a higher end-diastolic vol- 
ume with echocardiography. Total systemic resistance 
at rest was diminished after conditioning in the placebo 
group (1,899 + 465 to 1,561 + 388 dynes-s-cm™, p 
<0.02) but not in the metoprolol group (1,684 + 307 to 
1,587 + 415, p = NS) or in the propranolol group 
(1,599 + 419 to 1,465 + 276, p = NS). 

Exercise cardiac output measured at identical work 
loads at time A and time D (0.7 VO.max from test A) 
diminished in the placebo group (p <0.03) associated 
with an increased AV oxygen difference (p <0.05). Ex- 
ercise cardiac ouiput was unchanged at time D with 
metoprolol and propranolol with no change in peripher- 
al oxygen extraction. The diminished cardiac output 
during exercise ir. the placebo group was mediated en- 
tirely by a diminished heart rate (127 + 14 to 110 + 8 
beats/min, p <0.95) as exercise stroke volume was un- 
changed with conditioning 103 + 0.23 to 105 + 0.20 
ml/min. 

Cardiac size and function: ECHOCARDIOGRAPHIC 
STUDIES: M-mode echocardiographic studies were per- 
formed at rest in all subjects before and after condition- 
ing, without medication. Left ventricular end-diastolic 
dimensions, end-systolic dimension, septal thickness, 
posterior wall thickness, fractional shortening and mass 
were all unchanged following conditioning in the 3 
training groups (Table IV). Only 2 of the 31 subjects 
had an increased wall thickness (>1.1 cm) before condi- 
tioning, with left ventricular masses of 325 and 259 g, 
respectively. 

Systolic time intervals were performed at rest before 
and after conditioning without drugs as an index of left 
ventricular function. Neither the preejection period, the 


LVIDd (mm) 
LVIDs (mm) 


IVS (mm) 


LVPW (mm) 


FS (%) 


A 


5443 
3444 
921 
940.8 
38 +4 5! 


5145 
3344 
9+2 
840.5 
3647 
182435 


SLE3 
32 +4 
80.8 
80.7 
37+8 
165+10 


Propranolol 


10+2 

9415 
35 +8 

211 +58 


LV mass (g) 207 + 35 
Systolic time intervals 
PEP (ms) 97 419 
LVET (ms) 303 + 25 
PEP +LVET 3247 


None of the postconditioning values was significant at p <0.05 level. 


99 + 20 97415 100 + 18 
204 +24 311423 291 +19 
33410 3245 3547 


IVS = interventricular septal thickness; LVET = left ventricular ejection time; LVFS = fractional shortening (%); LVIDd = left ventricular internal dimension, diastole; LVIDs = left 
ventricular internal dimension, systol2; LVPN = left ventricular posterior wall thickness; PEP = preejection period: other abbreviations asin Table lil. 





ejection time nor the ratio was altered by conditioning 
in either of the 3 training groups (Table IV). 

Skeletal muscle oxidative enzyme activity: Muscle 
biopsy specimens adequate ‘for biochemical analysis of 


- succinyl dehydrogenase activity were obtained in 19 pa- 


tients. Carnitine palmityl acyl transferase activity was 
also measured in 27 patients. For the subgroup of 19 
patients, succinyl dehydrogenase activity, expressed as 
enzyme units/mg protein, increased by 26% (0.88 + 
0.30 to 1.10 + 0.55, p <0.07). In the individual drug 
groups, succinyl dehydrogenase activity increased by 
27% with placebo (0.96 + 0.43 to 1.22 + 0.66 enzyme 
units/mg protein, p = 0.20, n = 6), by 41% with meto- 
prolol (0.84 + 0.42 to 1.18 + 0.67 enzyme units/mg 


protein, p <0.07, n = 7) and by 5% on propranolol. 


(0.84 + 0.14 to 0.88 = 0.22 enzyme units/mg protein, p 
= NS, n = 6). Intergroup changes in enzyme activity 
were not significant between groups. 

For the group of 27 patients, carnitine palmityl 
transferase activity was not significently changed after 
exercise conditioning (4.94 + 1.4 to 4.43 + 1.2 Eu/mg 
protein, both p = NS), nor were there significant 
changes in enzyme activity in any of the 3 groups. 


DISCUSSION 

Most previous studies of exercise conditioning in hy- 
pertensive patients have documented an increased 
VO imax and a reduced resting blood pressure.” In 
nonhypertensive adults cardiac adaptations to condi- 
tioning include an increased left ventricular internal di- 
ameter and an increased left ventricular mass.?+?? Fur- 
thermore, studies in healthy adults have documented an 
increased skeletal muscle oxidative enzyme activity,” 
an increased local blocd flow and vascular conductance 
during exercise,”> and an increased capacity to extract 
and utilize oxygen peripherally.” Thus, normal subjects 
manifest both cardiac and peripheral adaptations to en- 
durance exercise. 

Effects of the conditioning program, per se, indepen- 
dent of drug effects, were studied ir. our middle-aged 
hypertensive group receiving placebo therapy. Maximal 
oxygen consumption increased by 24%, mediated almost 
entirely by an increased peripheral AV oxygen differ- 


ence since exercise stroke volume and maximal heart 
rate did not increase w:th conditioning. Resting and ex- 
ercise systolic blood -pressure and resting diastolic blood 
pressure were decreased by the conditioning program as 
was submaximal exercise heart rate. Skeletal muscle 
succinyl dehydrogenase enzyme activity showed a trend 
toward increased- activ_ty. Thus, during high-intensity 
submaximal exercise, cardiac work is diminished after 
conditioning due to an enhanced peripheral extraction 
and utilization of oxygen. 

The relative lack of training-induced changes in 
stroke volume and echocardiographic measures of inter- 
nal cardiac dimensions and left ventricular mass in our 
placebo group differs from prior studies of conditioning 
in healthy adults. Studies in both younger healthy 
adults???’ and in middle-aged patients with coronary 
artery disease**? document increases in resting left 
ventricular internal dimensions and stroke volume, both 
at rest and during exercise. Whereas only 2 of 31 hyper- 
tensive patients had left ventricular hypertrophy docu- 
mented by echocardiography at baseline, abnormalities 
of diastolic filling patterns are common in hyperten- 
sives, even in the absence of hypertrophy.*? Moreover, 
aging causes a decrease in left ventricular compli- 
ance.?!-33 The diastolic enlargement seen after an exer- 
cise. conditioning program appears to bė related to both 
an increased blood volume, and to a resting bradycar- 
dia.*4 Since our hypertensive subjects did exhibit a de- 
crease in resting heart rate, our results suggest that, in 
contrast to nonhypertensives, either exercise-induced 
volume expansion does not occur or diastolic abnormali- 
ties limit the left ventricular dilation seen with training. 

The mechanism of the increased peripheral utiliza- 
tion of oxygen seen in cur placebo group is not clear. 
Whereas skeletal muscle oxidative enzyme activity 
showed a trend to an inc-eased activity, changes in vas- 
cular conductance, skele-al muscle capillarity or inter- 
cellular oxygen diffusion could also have played impor- 
tant roles in improving substrate availability. 

Beta-adrenergic blocking drugs are first-line agents 
for the treatment of systemic hypertension. In healthy 
subjects, they have been demonstrated to exert signifi- 
cant negative acute effects on VO2max and exercise ca- 
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pacity and on the response to an aerobic conditioning 
program.!-4 In a study by Wolfel et al,* examining the 
mechanism of the diminished training response on ĝi- 
selective and nons:lective 6 blockers, no measurable at- 
tenuation by a 8 blocker of training-induced skeletal 
muscle adaptations was seen. These include increases in 
oxidative erizymes. capillary supply and decreases in ex- 
ercise blood lactate. Measures of cardiac output or over- 
all peripheral ox gen extraction (AV oxygen differ- 
ence), however, were not performed. 

The conditionng effects noted in our hypertensive 
group taking the #)-selective agent metoprolol were dif- 
ferent from those noted in the placebo group. [Maximal 
oxygen consumption increased, but only by 8% “p = NS 
vs placebo) and resting systolic and diastolic blood pres- 
sures were reduced. However, there were no condition- 
ing-induced charges in resting stroke volume; or in 
measiires of resting cardiac anatomy or function. As in 
the placebo group, skeletal muscle succinyl dehydroge- 
nase activity shov ed a trend toward higher activity after 
conditioning. In contrast, the propranolol grou> did not 
demonstrate any trairiing effects at all, as assessed by 
changes 1 in aerobc capacity, stroke volume, cardiac di- 
mensions, cardiac function or skeletal muscle eazymatic 
activity. The mapr difference between the 2 6-blocking 
groups and the placebo group was that peripheral ex- 
traction and utilkzation of oxygen was unaltered in the 
6-blocking groups.. 

Potential limz-tations of this aay include the fact 
that there were a relatively small number of patients per 
group and the r-sults: may -be specific to the doses of 
drugs utilized and the duration of exercise training per- 
formed: Conceivibly, the 8- blocking groups could have 


trained more with a longer duration program. It is also 


difficult to expla.n the discrepancy between echocardio- 
graphic and CO- rebreathing measures of end-diastolic 
dimensions and stroke volume in our placebo group. 
Additional stud) of the effect of training on heart size 
and stroke volume and their determinants would appear 
indicated.. 

The mechansm of the differing effects o7 selective 
and nonselective 6 blockers. could relate to vasodilatory 
effects of partia 8 stimulation, leading to a relatively 
increased local blood flow to exercising muscle. Meta- 
bolic effects of ronselective 8 blockers, which limit mo- 
bilization of free fatty acids and glucose during exercise, 
may also explaia the differential effects obse-ved.*5 
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Pattern of Peripheral Venous Response 
to Volume Expansion in Borderline 
Systemic Hypertension 


Claudio Borghi, MD, Stefano Boschi, MS, Francesco Vittorio Costa, MD, 
and Ettore Ambrosioni, MD 


An increased venous tone responsible for changes 


in systemic hemodynamics has been described in 
borderline hypertensive patients along with the re- 
lease, in response to intravenous sodium chloride, 
of an endogenous sodium ion/potassium ion adeno- 
sine triphosphatase (Na+t/K+ ATPase) inhibitor with 
vasoconstrictive properties. The hemodynamic and 
humoral effects of a 2-hour intravenous saline infu- 
sion were studied in 25 borderline hypertensives 
characterized on the basis of their forearm venous 
distensibility (VV30) in normal (n = 15) and low {n 
= 10) VV30. VV30 was slightly reduced by saline 
in the entire hypertensive group (1.47 vs 1.36 ml/ 
100 mi; p <0.05), whereas blood pressure and 
plasma Na‘/K* ATPase inhibitor were unchanged. 
Normal VV30 showed a sudden increase in plasma 
Na+/K+ ATPase inhibitor in response to saline as- 
sociated with an increase in blood pressure, a fore- 
arm arterial and venous constriction, and a slug- 
gish suppression in plasma renin activity, whereas 
low VV30 exhibited a completely opposite pattern. 
The changes in plasma Na*/K* ATPase inhibitor 
inversely correlated to VV30 decreases in border- 
line hypertensives with normal VV30 (r = —0.49; p 
<0.05), whereas they did not in all hypertensive 
patients. Atrial natriuretic peptide response to sa- 
line infusion was delayed in normal VV30 and in- 
versely related to the changes in Na*/Kt ATPase 
inhibitory activity (r = —42; p <0.05) attained after 
2 hours of infusion in the entire hypertensive popu- 
lation. Results of this study suggest the ability of 
acute volume expansion to reduce peripheral ve- 
nous distensibility in borderline hypertensive pa- - 
tients. The extent of venoconstrictive response is 
related to the increase in plasma levels of an en- 
dogenous Na*/K* ATPase inhibitor whose release 
is apparently promoted either by delayed atrial na- 
triuretic peptide stimulation or sluggish suppres- 
sion of plasma-renin activity. 

(Am J Cardiol 1990;66:597~-602) 
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he role of capac.tance vessel in the regulation of 
cardiac output and fluid volume has been widely 
A. demonstrated in animal! as well as in human? 
studies. An early reduction in venous compliance has 
been reported in borderline hypertensives* who also ex- 
hibited a redistribution in plasma volume from periph- 
eral to cardiopulmonar¥ circulation? and an altered re- 
flex suppression of plasma renin activity.” Functional- 
ly, the decreased vencus distensibility is thought to 
contribute to the increase in blood pressure observed in 
borderline hypertensives, which is partially prevented by 
short-term peripheral venodilatation.® Beside these find- 
ings, several studies have supported the existence in hu- 
man plasma of an endogenous sodium ion/potassium 
ion adenosine triphosphatase (Na*/K* ATPase) inhibi- 
tor released as a physiologic response to compensate for 
excessive extracellular volume expansion!° and able to 
influence vascular tone end sodium handling.!! The in- 
terest in altered Nat/K* pump activity lies not so 
much in the activity itself, but more in the cellular con- 
sequences that alteration in such activity can have on 
vascular tone. Many investigators'!-'3 have suggested 
that the blockade of vascular Nat/K*+ ATPase activity 
would cause a progressive vasoconstriction accounting 
for the increase in peripheral vascular resistance associ- 
ated with hypertension. However, despite these observa- 
tions, very few data are available at present on the rela- 
tion between venous tone and plasma humoral factors 
related to extracellular volume control. Because acute 
extracellular volume expansion can be easily achieved 
by intravenous saline infusion, the present study was 
performed in borderline hypertensive patients, first to 
investigate if this maneuver modifies individual venous 
distensibility and, second, if possible changes of venous 
distensibility are linked to the release of circulating fac- 
tors influencing vascular tone. 


METHODS 

Twenty-five young torderline hypertensives (16 
male and 9 female patients, aged 15 to 28 years [mean 
+ standard deviation 23 + 4]) were selected for the 
study. Patients were diagnosed to have borderline hy- 
pertension in agreement with criteria described else- 
where!* and all had normal plasma renin activity ac- 
cording to a standard nomogram relating upright plas- 
ma renin activity to 24-haur urinary sodium excretion. 
Briefly, we classified as borderline hypertensives those 
subjects who, on 3 different occasions, exhibited at least 
1 recumbent casual diastolic blood pressure value > and 
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TABLE I Baseline Characteristics of Borderline Hypertensive Patients 
All Pts. (n = 25) 


Low VV30 (n = 10) 


Normal VV30 (n = 15) 


= = re ety 
TS a 


Systolic blood pres sure (mm Hg) 
Diastolic blood pressure (mm Hg) 

Heart rate (beats, min) , 
Forearm blood tiov (mi /min /100 mi) 
Forearm vascular ~esistance (Units) 
VV30 (ml/100 ml- 

Plasma renin activity (ng/ mi / hour) 
Plasma aldostero e (g/ml) 

Creatinine clearance (nl /min/ 1.73 m*) 
Urinary dopamine (ug/g creatinine) 
Quabain-sensitive Rb uptake (nmoles Kt /hour / 108 cels) 
Nat-K*t ATPase irnibitory activity (%) 


13349 
73246 
7247 

2840.5 


32.548 


1.40.2 
weet 
2154112 
82415 
142462 
9.4408 
44414 
23411 


13345 
70+ 
7226 

3.0403 
29.849 

1.7 +40.2 

29+} 

199+ 130 
80+ 16 

138+ 50 

10.0+0.4 
38410 
2045 


133411 
76248 
ILE 
2.6408 
35.349 
Lie 02" 
3.341 
229 +107 
84+ 14 
145+63 
8.8+0.7! 
48+ 10! 
252415 


Atrial natriuretic peptide (pg/ml) 
* p <0.005; ! p <0.01 rorme! vs low VV'30. 


ATP = adenosine triphesphatase; K' = potassium ion; Na’ = sodium ior; VV30 = forearm venous distensibility. 





1 <90 mm Hg. Secondary hypertension was excluded 
by physical as well as laboratory examination and none 
of the patients had history or findings of heart or renal 
disease with serum creatinine ranging from 0.6 to 1.1 
mg/dl. All patients were free of antihypertensive medi- 
cation and they were maintained at a constant sodium 
intake of 100 mmol/day for the 7 days before the study. 
Borderline hypertensives were studied in a metabolic 
ward at a constent room temperature of 24°C and after 


BLOOD PRESSURE (mmHg) 





BASELINE 45" 120! 


HEART RATE (BEATS/MIN) 





BASELINE 45’ 120° 


30 minutes of rest in the recumbent position. The study 
protocol was approved by the Ethical Committee of the 
University of Bologna and each patient gave informed 
consent. 

Blood pressure and forearm hemodynamics: Systol- 
ic, diastolic, mean blood pressure and heart rate were 
recorded by an automatic device (Sentry Automated 
Screening Devices, Costa Mesa, California) and the val- 
ues are reported as a mean of 5 consecutive measure- 
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FIGURE 1. Chenges in bicod pressure, heart rate and forearm hemodynamics observed after 45 and 120 minutes of sodium 
chloride infusion in the overall population of borderline hypertensives (filled bars) and in the 2 subgroups with normal (open 


bars) and low (dotted bars) forearm venous distensibility. * p 
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<0.05; ** p <0.005 compared with baseline. 


ments, Forearm blood flow and vascular resistance and 
forearm venous distensibility were measured by venous 
occlusion plethysmography using a mercury-in-silastic 
strain gauge according to a standardized methodology 
previously described.*? Forearm venous distensibility at 
a congesting pressure of 30 mm Hg above the minimum 
occlusion pressure (VV30) was derived from the vol- 
ume/pressure curve for each subject and expressed as 
m1/100 ml. Baseline VV30 values measured in border- 
line hypertensives were compared with those recorded in 
a group of age- ana sex-matched normotensive controls 
without family history of hypertension. On the basis of 
these values, we classified as normal or low VV30 those 
borderline hypertensives whose VV30 fell respectively 
within or below the range found in normotensive con- 
trols. 

Biochemical variables: Plasma renin activity and 
plasma aldosterone were measured by radioimmunoas- 
say, plasma and urinary sodium and potassium by 
flame photometry, creatinine clearance and % fractional 
excretion of sodium were calculated by standard formu- 
las, and urinary dopamine was measured by high pres- 
sure liquid chromatography using an electrochemical 
detector. Plasma levels of atrial natriuretic peptide 
(ANP) were determined by commercial radioimmuno- 
assay (Amersham ANP Radio Immuno Assay System) 
after purification of plasma on Bond-Elut C18 dispos- 
able columns. The sensitivity of the assay allowed detec- 
tion of 4 pg per assay tube. Plasma Nat/K*+ ATPase 
inhibitory activity was measured fcllowing a procedure 
described elsewhere!>!6 and expressed as % throughout 
the study. In addition, the baseline Nat-pump activity 
was assayed individually by measuring the red blood 
cells rubidium uptake (86Rb). 

Protocol: A 24-hour urine collection for determina 
tion of sodium, potassium, dopamine and creatinine was 
obtained the day before sodium loading to ensure that 
subjects were in sodium balance before the beginning of 
the experimental procedure. The day of examination, 
after an overnight fasting and a complete voiding, the 
borderline hypertensives underwent a 2-hour saline in- 
fusion by way of a venous cannula inserted in an antero- 
cubital vein and placed 30 minutes before the infusion 
was begun. NaCl was infused at a rate of 0.4 ml/min/ 
kg for the first 45 minutes and at 0.16 ml/min/kg for 
the following 75 minutes. Immediately before infusion, 
baseline blood and urine samples were obtained and the 
cardiopulmonary receptor sensitivity was tested individ- 
ually by assessing the forearm vasodilator response to 
passive 60° leg-raising, a technique known to increase 
central venous pressure.'? Thereafter, baseline blood 
pressure and forearm hemodynamics were measured in 
recumbent position and the measurements were repeat- 
ed after 45 and 120 minutes of saline infusion concomi- 
tantly with the blood sampling for measurement of bio- 
chemical variables. Urinary dopamine and creatinine 
were determined at the end of the NaCl loading, where- 
as postloading urinary sodium and pctassium excretions 
were subdivided into 2 separate specimens defined, re- 
spectively: immediate (0 to 2 hours) and delayed (2 to 
24 hours). 











TABLE II Urinary Electrolyte Excretion After Salt Loading in 
Normal and Low Forearm Venous Distensibility (FVD) 


Normal FVD 
(n= 15) 


7.4240.1 


Low FVD 
(n= 10) 
0-2 hours 6.841 
Nat urine (umoi/min /kg b.w.) 


2-24 hours 
0--2 hours 


2.50.5 
1.80.6 
K* urine (umol /min/kg b.w.) 

2--24 hours 0.54 + 0.1 


* p <0.05 normal vs low FVD. 
K' = potassium ion; Nat = sodium ion; b.w. = bodyweight. 


QO.5140.1 


Statistical analysis: Results are expressed as mean 
+ standard deviation. Analysis of variance for repeated 
measurements was performed for multiple comparison 
of modifications in blood pressure, forearm hemody- 
namics, plasma levels of ANP and Nat/K*t ATPase 
inhibitor observed during NaCl loading. In the presence 
of significant values of “f,” the least significant differ- 
ence test was applied and p values >0.05 were rejected. 
The paired ¢ test was used to compare the intraindi- 
vidual modifications of other normally distributed bio- 
chemical variables, whereas the unpaired ¢ test was per- 
formed for comparison between the 2 groups of border 


VV30 CmL/100m1) 


FIGURE 2. Changes in forearm venous distensibility (VV30) 
elicited by 45 and 120 minutes of sodium chloride loading in 
the overall population of borderline hypertensives (filled sym- 
bols) and in the 2 subgroups with normal (open symbols) and 
low (dotted symbols) forearm venous distensibility. 

* p <0.05; ** p <0.005 compared with baseline. 
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line hypertensives. Fisher’s exact test or Wilcoxon 
signed rank sum test was performed to compare the 
nonhomogeneously distributed data. Linear regression 
analysis was performed by the least-squares method. 


RESULTS 

The baseline characteristics of the studied >atients 
as well as those cf the 2 subgroups, normal end low 
VV30, are summazized in Table I. Compared with nor- 
motensive controls 15 patients were classified as normal 
VV30 and 10 as ow VV30. Aside from the expected 
difference in venous distensibility, the low VV30 group 
had increased leve.s of plasma Nat/K* ATPase inhibi- 
tor, reduced ouabain-sensitive red blood cells 86Rb up- 
take and a slight, bui not significant, tendency toward 
forearm vasoconstriction when compared with the nor- 
mal VV30 group. The effects of NaCl loading on sys- 
temic and forearm arterial hemodynamics are shown in 
Figure 1. Blood pressure and heart rate did not change 
in the general population, but a slight increase was ob- 
served in forearm vascular resistance concomitantly 





*e@ een esa 





e v © ùs oya oo 
è 


pe @¢ © @ eee Bw 8 8 
e 


2 ¢ č $ èe tceco el 


-100 # 


ea 
o + 
s © 





tt er 





with a decrease in venous distensibility (Figure 2). This 
trend was enhanced in the normal VV30 group, who 
had an increase in blood pressure and a marked forearm 
arterial and venous constriction, whereas the low VV30 
group showed a tendency toward a completely opposite — 
pattern. During volume expansion, a generalized de- 
crease in plasma renin activity (from 1.9 + 1 to 1 + 0.6 
ng/ml/hour; p <0.005) and plasma aldosterone (from 
172 + 70 to 63 + 3& pg/ml; p <0.005) occurred along 
with an increase in % fractional excretion of sodium 
(from 0.61 + 0.3 to 1.16 + 0.3%; p <0.05), urinary 
dopamine excretion (from 142 + 62 to 299 + 130 ug/g 
creatinine; p <0.005) and plasma ANP concentration 
(from 23 + 11 to 36 + 14 pg/ml; p <0.001), whereas 
plasma Nat/K*+ ATPase levels were apparently not af- 
fected by the procedure (from 44 + 14 to 43 + 12%; 
difference not significant). In the 2 separate groups of 
borderline hypertensives, the humoral response to saline 
resulted in a blunted decrease in plasma renin activity 
and aldosterone in the normal VV30 group, who also 
had a greater increase in % fractional excretion of sodi- 
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URINARY 
DOPAMINE 


FIGURE 3. Percent changes of some humoral varizbies determined by saline infusion in the overall population of borderline hy- 
pertensives (fillea bars) and in the 2 subgroups with normai (open bars) and low (dotted bars) forearm venous distensibility 
(FVD). ANF = atrial natriuretic factor; FENa% = excreted fraction of filtered sodium; PINK = plasma Na‘ /K* ATPase inhibitor; 
PRA = plasma renin activity. $ p <0.05; $$ p <0.085 normal compared with low FVD. 
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um (Figure, 3). ANP levels increased in response to 


NaCl in both groups of borderline hypertensives, reach- 


ing the peak plasma level after 45 and 120 minutes, 
respectively, in low and normal VV30. A significant in- 


” crease in plasma levels of Nat/K* ATPase inhibitor, 


already evident after 45 minutes of saline infusion, was 
achieved only in those with normal VV30, whereas do- 
pamine excretion was enhanced in the low VV30 group 
(Figure 3). We were unable to find any difference be- 
tween immediate and delayed urinary sodium excretion, 
although the urinary sodium/potassium ratio calculated 
on the 0- to 2-hour urine specimen was higher in the 
normal VV30 (4.0 + 1) than in the low VV30 (3.1 + 1; 
p <0.005) group.as a result of lower potassium excre- 
tion (Table II). In the overall borderline hypertensive 
population, changes in plasma levels of Na*t/Kt 
ATPase inhibitor seen in response to 2 hours of saline 
loading, were inversely related to the extent of ANP 
response (r = —0.42; p <0.05), whereas no relation was 
found between the former: variable and the changes in 
VV30 that were, conversely, significantly correlated to 
the increase in plasma Na*t/K* ATPase inhibitory 
activity (r = —0.49; p <0.05) in the normal VV30 
subgroup. 


DISCUSSION 

The results of the present study clearly confirm pre- 
vious observations dealing with the existence of a re- 
duced venous distensibility in a subset of patients with 
borderline hypertension.** Our findings provide insight 
into the interrelation between changes in peripheral ve- 
nous tone and the pattern of humoral response to saline 
infusion. In our experimental conditions, acute volume 
expansion elicited a significant reduction in venous dis- 
tensibility, which is enhanced in borderline hypertensive 
patients with normal venous'tone who also exhibit a 
greater pressor response, a sluggish plasma renin activi- 
ty suppression and an increase in circulating levels of an 
endogenous Nat/K*+ ATPase inhibitor. A similar he- 
modynamic and humoral pattern in response to saline 
has been previously reported in borderline as well as es- 
sential hypertensive patients,’!®!8 even though the plas- 
ma levels of Nat/K*+ ATPase inhibitor in the study of 
Tuck et al!8 were not measured and the study focused 
on the concomitant occurrence of enhanced pressor re- 
sponse and delayed suppression of plasma renin activity. 

The following discussion will focus mainly on the ve- 
nous response to saline infusion, with the aim of shed- 
ding some light on the mechanism(s) underlying the 
changes in venous distensibility observed in response to 
acute extracellular volume expansion. We speculate 
that the observed changes in venous distensibility elicit- 
ed by NaCl loading are related to plasma levels of an 
Na*/K*+ ATPase inhibitor whose trend follows exactiy 
the time course of venoconstrictive response in both hy- 
pertensive groups (Figures 2 and 3). The initial increase 
in Na*+/K* ATPase inhibitory activity that we observed 
in normal VV30 after the rapid phase of saline infusion 
would cause a peripheral venoconstriction promoting a 


progressive central shifting of circulating volume, which . 


could provide an explenation for the further release of 
Na*t/K* ATPase inhibitor and the delayed peak of 
ANP response observed in this subgroup (Figure 3). 
This sluggish ANP response would contribute to the in- 
crease in Nat/K*t ATPase inhibitory activity observed 
after 45 minutes, according to the finding of an inverse ` 
relation between the release of ANP and that of Nat/ 
K* ATPase inhibitors (previously described both in vi- 
tro!?20 and in vivo experimental conditions?!). By con- 
trast, in the low VV30 zroup, the reduced initial venous 
distensibility is probably responsible for a sudden distri- 
bution of the amount cf infused fluids toward the car- 
diopulmonary region; this distribution explains the 


prompt ANP release, tke greater renal dopamine excre- 


tion and the rapid refl2x suppression of plasma renin 
activity and aldosterone (Figure 3 and Table II) that 
counteracts the excess in extracellular fluid volume and 
accounts for the lack of Na*/K*+ ATPase inhibitor re- 
lease and venoconstrictive response. The present obser- 
vations are consistent with the vasoconstrictive proper- 
ties of endogenous sodium transport inhibitors that have 
previously been reported by many workers in arterial 
vessels!+:22,23. however, ro data are available on the ef- 
fects of such a compourd on venous tone. 

With regard to the mechanism(s) accounting for the 
vasoconstrictive action cf Nat/K*+ ATPase inhibitors, 
several hypotheses have been postulated for the arterial 
wall system, including either an increase in cytosolic 
free calcium? or an inhibition of norephinephrine reup- 
take by adrenergic nerve terminals.247> Freas et al% 
showed that 7H norepinephrine uptake can be blocked 


in the canine isolated saphenous vein by a heat-stable, 


nonprotein plasma factor with some similarities to our 
sodium transport inhibitor. Therefore, a possibility ex- 
ists that circulating Na*/K*+ ATPase inhibitors act on 
venous tissue indirectly by interfering with the sympa- 
thetic nerve activity and catecholamine reuptake, thus 
leading to a venoconstriction. Whichever mechanism 
underlies the interaction between venous wall and Nat/ 
K* ATPase inhibitors, the enhanced venoconstrictive 
response to NaCl loading seen in normal VV30 appears 
to be facilitated by the greater baseline Nat/Kt* 
ATPase activity found in this subgroup. This condition, 
which can be inferred from the higher ouabain-sensitive 
86Rb uptake of red blood cells and lower levels of sodi- 
um pump inhibition (Tabie I), might exaggerate the ef- 
fects of vascular Nat/K*t ATPase blockade, even in the 
presence of low levels of a specific inhibitor, thus ac- 
counting for the observed rapid and progressive develop- 
ment of venous constricticn. An enhanced vasoconstric~ 
tive response to ouabain has already been described in 
borderline hypertensives,” thus confirming the exis- 
tence of an increased vascular sensitivity to Na*/K* 
ATPase inhibitors in these patients. 

This study raises intrizuing possibilities that acute 
changes in venous tone in response to saline can be re- 
lated to the release of an endogenous Nat/Kt ATPase 
inhibitor. Our observations also confirm the existence of 
a relation between baselin2 peripheral venous tone, re- 
nin-angiotensin-aldosterone suppression and the release 
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of an endogenous sodium pump inhibitor. We suggest 
that the venoconstrictive response attained by most of 
the borderline hypertensives after saline infusion could 
represent the early stage of the generalized vascular ab- 
normalities described in the prehypertensive phases. 


Acknowledgment: We are indebted to Rino Fac- 
chini for skillful -echnical assistance. 
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CONGESTIVE HEART FAILURE 


Usefulness of Bucindolol in Congestive 
Heart Failure 


Stewart G. Pollock, MD, John Lystash, MD, Christine Tedesco, BSM, George Craddock, MD, 
and Mark L. Smucker, MD 


The sympathetic hyperactivity of congestive heart 
failure (CHF) may worsen cardiovascular function 
by down-regulation of myocardial 6-receptors. For 
this reason, 8 blockade is proposed to be useful in 
CHF. Bucindolol is a new § blocker that has intrin- 
sic nonadrenergically-mediated vasodilation and 
may be valuable in the treatment of CHF. To test 
this, 19 patients with CHF were randomized in a 
double-blind protocol to 3 months of treatment with 
bucindolol] (n = 12) or placebo (n = 7). Significant 
improvement was seen in the bucindolol group us- 
ing invasive and noninvasive tests; treadmill time 
increased from 445 to 530 seconds (p = 0,04), 
Minnesota Living With Heart Failure Questionnaire 
score improved from G1 to 40 (p = 0.0001), cardi- 
ac output increased from 4.0 to 4.7 (p = 0.02), and 
systemic vascular resistance decreased from 1,888 
to 1,481 (p = 0.04). Also, peak exercise heart rate 
and pulmonary capillary wedge pressure decreased 
significantly with treatment. There were no 
changes in the placebo group. We conclude that bu- 
cindolol may be an effective treatment for CHF 
when administered chronically and that its non- 
adrenergic vasodilation may be an important fea- 
ture. 

(Am J Cardiol 1990;66:603-607) 
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tive heart failure (CHF) compromises myocardi- 


T he heightened sympathetic tone of chronic conges- 
al function by down-regulating 6, receptors and 


‘impairing response to exogenous catecholamines.' It 


has, therefore, been proposed that pharmacologic 6 
blockade is actually useful in the treatment of chronic 
CHF.” Metoprolol has been most widely used for this 


purpose, but newer agents, with different properties, are 


being evaluated.’ Bucindolol is a member of a new class 
of 8 blockers that possess peripheral vasodilating activi- 
ty.* Although bucindolol is reported to have mild intrin- 
sic sympathomimetic activity in animals, its vasodilating 
effect is a direct one and is not due to intrinsic sympa- 
thomimetic activity alcne.°® Because vasodilation is 
beneficial in CHF, a 8 b.ocker with vasodilation may be 
especially valuable.”® W= evaluated bucindolol’s useful- 
ness in CHF in a randomized, double-blind trial of 19 
patients. 


METHODS 


Patients: Patients in this study were referred to the 
University of Virginia fcr evaluation and treatment of 
CHF. Patients with stable, symptomatic CHF with a 
dilated cardiomyopathy due to either ischemic or idio- 
pathic causes were selected if they met the following 
criteria: ejection fraction <40%; ability to perform 
treadmill exercise for 24 minutes, but not >16 minutes, 


on a modified Naughton protocol; no concurrent 8- 


blocker use; no pulmonary contraindication to 8 block- 
ade; and no concurrent severe iliness. Twenty-one pa- 
tients were enrolled between January and December 
1988. One patient died during the prerandomization 
evaluation and 1 patient -andomized to bucindolol was 
lost to follow-up. Thus, 19 patients completed the trial. 
Patients received diuretics, digoxin and afterload reduc- 
tion as deemed appropria-e by their primary physician. 

There were 4 women end 15 men and the mean age 
was 54 years. Seven patiemts had an ischemic cardiomy- 


opathy and 12 had an idiopathic dilated cardiomyopa- 


thy. Patients were classified as ischemic or idiopathic on 
the basis of available clirical information, such as re- 
cent catheterization, previous myocardial infarction or 
exercise thallium imaging. No patient’s exercise capaci- 
ty was limited by angina pectoris and no patient had 
roentgenographic pulmonary edema at study entry. One 
in each group had pleural effusions. 

Study design: Prerand>mization evaluation consist- 
ed of a history, physical examination, 2 treadmill tests 
(1 day apart), rest radionuclide ventriculography and 
pulmonary artery catheterization. Patients were then 
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TABLE! Baseline-Characteristics 


Placebo Bucindolol 
(n=7) (n= 12) > Value 



















Mean age 












No. men 6 9 NS 
No. women 1 3 NS 
No. taking digitalis 5 10 NS 
No. taking vasodilat r 7 8 NS 
Ejection traction 25 19 NS 
NYHA II l 0 NS 
NYHA Ill 4 10 NS 
NYHA IV 2 2 NS 
No. idiopathic 5 7 NS 
No. ischemic 2 5 NS 






NYHA = New York He zt Association functional class; NS = not signficent. 


admitted to the ospital, given 2 to 3 test doses of open- 
label bucindolol, 12.5 mg orally 12 hours apar: and ob- 
served for clinical compromise. All patients tolerated 
this dose and wer randomized in a double-blind fashion 
in a 3:2 ratio to ‘ucindolol or placebo, respectively, at a 
dose of 12.5 mg orally twice daily. Patients returned 
weekly for clinical evaluation and dosage was increased 
to 25 mg twice caily, 50 mg twice daily and finally 190 
mg twice daily. All patients tolerated the maximum 
dose. They were=continued on 100 mg twice daily for 8 
more weeks (3 nonths from randomization) and then 
underwent the sime battery of tests as the prerandom- 
ization evaluaticn. The only exception was the tread- 
mill, where only 1 test was performed at 3 months. 

This study was reviewed and approved by the Uni- 
versity of Virgicia Health Sciences Center Human In- 
vestigation Committee. It was funded by Bristol-Myers 
Laboratories, w0 also supplied the bucindolol or place- 
bo tablets. All cata were collected and analyzed by the 
authors. 


TABLE Hl Eucirdolol—Paired Comparison 


Baseline 
No. of 
Patients Mean 


Noninvasive d=a 
Treadmill tine (s) 
6-minute wak (feet) 
LHFQ szore 
EF (%) 

Transit time{s) 

Rest data 
HR (beats / nin; 


Mean BP (rrm Hg) 
Pulmonary sapillary 
wedze p==ssure (mm Hg) 
Cardiac oubut (liters /min) 
Systemic v.scular resistance 
(dynes s ‘cm75) 
Exercise data 


HR (beats; nin) 
Pulmonary=apillary 

wedge pm essure (mm Hp) 
Mean BP (tam Hg) 
Cardiac ouzput titers /min) 








Treadmill testing: Patients were exercised on a 
Quinton status 1000 treadmill, using a modified 
Naughton protocol and 2-minute stages. The test was 
limited by symptoms or upon completion of all stages. | 
No test was terminated due to hypotension, arrhythmias 
or chest pain. Baseline exercise duration was taken from 
the second test performed during the baseline examina- 
tion. 

Radionuclide angiography: Patients were injected 
first with pyrophosphate and then 20 «Ci of techne- 
tium. Transit time was measured by the first-pass tech- 
nique, and ejection fraction by computer calculation of 
scintigraphic counts obtained by multiple-gated angiog- 
raphy performed in the 45° left anterior oblique “best 
septal” view. 

Six-minute walk: Patients were instructed to walk 
back and forth along a measured corridor at their own 
pace, according to a previously described protocol.? Ad- 
ditional encouragement was not given. The distance 
traveled in 6 minutes of walking was measured in feet. 

Living With Heart Failure Questionnaire: The Min- 
nesota Living With Heart Failure Questionnaire is a 
self-administered questionnaire copyrighted by the Uni- 
versity of Minnesota that assesses the patient’s ability to 
function in everyday life. Twenty-three questions, such 
as “Did your heart failure prevent you from living as 
wanted during the last month by making your working 
around the house or yard difficult?”, are answered by 
the patient on a scale of 0 (“no”) to 5 (“yes”); higher 
scores reflect greater impairment. 

Hemodynamic measurements: One patient in each 
group was unable to undergo Swan-Ganz catheteriza- 
tion at 3 months and their hemodynamic data are ex- 
cluded from analysis. Complete hemodynamic measure- 
ments were available in the remaining 6 placebo pa- 
tients. Of the 11 bucindolol patients undergoing repeat 


3 Months 


Mean 


BP = blood presse; EF = ejection fraction; HR = heart rate; LHFO = Minnesota Living With Heart Failure Questionnaire; NS = not significant: SD = standard deviation. 
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TABLE lil Placebo——Paired Compavison 


No. of ` 
Patients 





Noninvasive data 





Treadmill time (s) 7 496 
6-minute walk (feet) 6. 1,132 
LHFQ score 5 93.. 
EF (%) 7 25 
Transit time (S) 7 13.9 
Rest data 
HR (beats/min) 6 90 
Mean BP (mm He) 6 89 
Pulmonary capillary 6 23 
wedge pressure (mm Hg) 
Cardiac output (liters /min) 6 "6:3 
Systemic vascular resistance 6 1,260 
(dynes s/cm~*) 
Exercise data 
HR (beats /min) 6 118 
Pulmonary capillary 6 33 
wedge pressure (mm He) 
Mean BP (mm Hg* 6 99 
Cardiac output (liters /min) 6 8.4 





Swan-Ganz catheterization, only 10 had baseline and 3- 
month peak exercise pulmonary capillary wedge pres- 
sure measurements and 8 had data to calculate systemic 
vascular resistance at both times. 

After overnight fasting, patients had a 7Fr Swan- 
Ganz catheter placed from either the brachial or jugu- 
lar vein. Patients were positioned onto a bicycle ergome- 
ter while remaining in the supine position. The catheter 
was advanced to the pulmonary artery using fluoroscop- 
ic guidance. Right atrial, ventricular, pulmonary artery 
and balloon wedge pressures were recorded on an Elec- 
tronics for Medicine strip recorder. Cardiac output was 
determined by computer calculation of thermodilution 
curves after the injection of 10 cc of a chilled dextrose 
solution. Three measurements were obtained. Brachial 
artery blood pressure was measured with an automated 
blood pressure cuff. 

Patients then exercised, recumbent upon the bicycle 
ergometer, until limited by symptoms, according to a 
stepwise protocol: 25 watts, 50 watts, 75 watts and up to 
100 watts in 3-minute stages. Cardiac output, pulmo- 
nary capillary wedge pressure and brachial artery pres- 
sure were again measured at peak exercise. Right atrial 
pressure was not repeated and so systemic vascular re- 
sistance was not calculated at peak exercise. 

Systemic vascular resistance and mean blood pres- 
sure were calculated in the usual way. 

Statistical analysis: Bucindolol and placebo patients 
were compared at baseline with respect to gender, etiol- 
ogy of CHF, use of digitalis and use of vasodilators. with 
a Fisher exact test. New York Heart Association func- 
tional class was compared with a nonparametric test 
(Mann-Whitney) and ejection fraction and age were 
compared with an unpaired ¢ test. 

Bucindolol’s efficacy was analyzed in 2 ways. First, 
bucindolol-treated patients served as their own control 


Baseline 






Abbreviations as in Table Il. 






3 Months 









p Value 

























205 oC6 234 NS 
392 1,1€7 345 NS 
30 4T 23 NS 
8 22 10 NS 
3.4 13.1 3.2 NS 
12 83 lI NS 
8 93 9 NS 
l1 23 14 NS 

l 4.9 0.8 NS 
239 1,368 213 NS 
10 11? 19 NS 
11 32 12 NS 
11 10z 12 NS 
2.7 &3 2.8 NS 







subjects in a compariscn of baseline and 3-month values 
using a paired ¢ test. Then, changes were compared be- 
tween placebo and bucindolol-treated patients using an 
unpaired f test after no-malizing data to baseline values. 
All tests were 2-tailed and probability values <0.05 
were considered significant. Calculations were per- 
formed using a VAX 8200 computer (Digital Equip- 
ment Corporation, Marlboro, Massachusetts) and RS-1 
software (BBN Software Products Corporation, Cam- 
bridge, Massachusetts) 


RESULTS 

Baseline comparison: Bucindolol and placebo 
groups were similar with respect to age, gender, digitalis 
use, vasodilator use, New York Heart Association func- 
tional class and etiology of CHF (Table I). The mean 
ejection fraction of the placebo group was slightly high- 
er than the bucindolol group, but this did not reach sta- 
tistical significance. Rest cardiac output and peak exer- 
cise cardiac output were significantly lower and system- 
ic vascular resistance higher in the bucindolol group 
compared to the placebo group (p <0.05). 

Paired analysis—naninvasive data: The mean val- 
ues of all noninvasive parameters in the bucindolol 
group showed statistical improvement between the base- 
line and 3-month examinations (Table II). Improved 
exercise capacity was seen as increased treadmill time 
and as distance walked in 6 minutes. This was paral- 
leled by improved daily function as shown by lower 
scores in the Living With Heart Failure Questionnaire. 
Radionuclide parameters. also showed improved cardio- 
vascular function; ejection fraction increased slightly 
and transit time decreased. 

Paired analysis-—rest hemodynamic data: Al- 
though average resting heart rate decreased slightly 
with treatment, the difference did not attain statistical 
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significance (Table II). There was no significant change 
in mean blood pressure or pulmonary capillary wedge 
pressure. Both restfig cardiac output and systemic vas- 
cular resistance im=roved. 

Paired analysis—exercise hemodynamics: Unlike 
the rest data, there was a significant attenuation of peak 
exercise heart rate :nd pulmonary capillary wedge pres- 
sure with 3 monthe of bucindolol treatment (Table II). 
Neither mean blood pressure nor cardiac output at peak 
exercise changed s-eniticantly. There was no difference 
in bicycle work p:rformed at 3 months compared to 
prerandomization. 

Paired analysise—placebo: A paired comparison of 
all noninvasive anc hemodynamic parameters was also 
done for placebo-treated patients and there were no sig- 
nificant changes (Table II). 

Unpaired anal‘sis——bucindolol vs placebo: When 
the bucindolol anc. placebo groups were compared by 
percent change, nc significant difference could be found 
for any noninvasive test. There were significant differ- 
ences among hen.odynamic variables (Figure 1). Ai 
rest, cardiac outpat improved in the bucindolcl group 
but decreased in tLe placebo group (p = 0.02). Systemic 
vascular resistanc= decreased in the bucindolcl group 
and did not chanze in the placebo group (p = 0.02). 
Peak exercise heazt rete decreased more in the bucindo- 
lol group than in zhe placebo group (p = 0.0003). The 
other hemodynamic variables did not differ significantly 
in their changes. 

Medication changes: Furosemide dosage was 
changed during the study in 5 patients. One placebo 
patient’s dose waz increased from 80 mg daily to 200 
mg daily and 3 bacindolol patients had their daily dose 
increased from 2¢: to 40, 120 to 240, and 40 to 80 mg, 
respectively. Ano her bucindolol patient’s dose of furo- 
semide was decreased from 240 to 160 mg daily. Capto- 
pril dose was doubled in 1 placebo patient, from 12.5 
mg 3 times a da} to 25 mg 3 times a day and halved in 
1 bucindolol patiznt from 25 mg 3 times a day to 12.5 
mg 3 times a da~. 


HEMODYNAMIC DATA 


heed Bucindolol 


[J Pl.icebo 


Resi CO Rest SVR Ex. PCW 


© p<.05 
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DISCUSSION 

Our data show that patients improved with 3 months 
of bucindolol therapy when compared to their own base- 
line, but placebo patients did not. These findings agree 
with other published work using bucindolol. The mecha- 
nism of improvement may be due to greater contractili- 
ty, afterload reduction or both. 

Results of this placebo-controlled, double-blinded 
study trial are internally consistent; bucindolol-treated 
patients showed a modest, but statistically significant 
improvement in all parameters. Resting cardiovascular 
status changed favorably as shown by radionuclide and 
hemodynamic measurements. Exercise capacity mea- 
sured by treadmill time and by distance walked in 6 
minutes improved with treatment and this was reflected 
in daily life as lower Living With Heart Failure Ques- 
tionnaire scores with treatment. This improved exercise 
capacity is likely due to improved cardiovascular func- 
tion as evidenced by a lower pulmonary capillary wedge 
pressure at peak exercise. We believe that the improved 
function seen in the bucindolol group cannot be wholly 
ascribed to a placebo effect. These data, taken collec- 
tively, indicate that bucindolol improves CHF when ad- 
ministered chronically. 

Our results are in agreement with those of Gilbert et 
al,!° who have reported on a similar trial of bucindolol 
in dilated cardiomyopathy. They, too, found significant 
improvements in cardiac index, ejection fraction and he- 
modynamics. They did not, however, show improvement 
in exercise capacity and used a lower average dosage of 
bucindolol. 

The fall in systemic vascular resistance with bucin- 
dolol may be due to its direct vasodilating effect or may 
be an epiphenomenon. Perhaps 8 blockade provides the 
sole means of improvement, and the decrease in system- 
ic vascular resistance is a secondary event that is not 
due to a direct drug effect. We think this is unlikely 
since the vasodilating action of bucindolol has been doc- 
umented in animal and human experiments.°° Addi- 
tionally, if 8 blockade were the sole mechanism of im- 


FIGURE 1. Bar graph of hemodynamic 
data. CO = cardiac output; SVR = system- 
ic vascular resistance; Ex. PCW = exer- 
cise pulmonary capillary wedge pressure; 
Pk. HR = peak keart rate. 


Pk. HR 





en p<.001 





provement, then a decrease in systemic vascular resis- 
tance should occur with the use of other 6 blocking 
agents. Both propranolol and pindolol, however, have 


been found to increase systemic vascular resistance,!! 


although 1 study using metoprolol found systemic vas- 
cular resistance to decrease with treatment.! 

A significant decrease in resting heart rate could not 
be shown in this stucy, but the attenuation of peak exer- 
cise heart rate was marked. This response is mirrored 
by changes in pulmonary capillary wedge pressure. Rest 
pulmonary capillary wedge pressure did not significant- 
ly improve but peak exercise pulmonary capillary wedge 
pressure decreased markedly. Peak exercise cardiac out- 
put and work achieved during bicycle ergometry did not 
change at 3 months compared to prerandomization, in- 
dicating that bucindolol’s favorable effect on exercise 
pulmonary capillary wedge pressure cannot be attribut- 
ed to less cardiovascular stress at 3 months. Diminution 
of peak exercise heart rate is reported with other 6 
blockers (metoprolol and pindolol), but attenuation of 
pulmonary capillary wedge pressure is not.!>!* This 
suggests that bucindolol’s effect on exercise wedge pres- 
sure is not due to lowering peak heart rate alone, since 
all 8 blockers decrease exercise heart rate. Improved 
systolic function or afterload reduction may explain bu- 
cindolol’s effect on exercise hemodynamics. 

Study limitations: By study design, more patients 
were randomized to the-treatment group than the place- 
bo group. This was.done in an effort to increase the 
possibility of detecting any adverse reactions to bucin- 
dolol. There were none. The small number of patients in 
the placebo group, along with the natural variability 
among patients, makes comparisons using the placebo 
group difficult. This is not a major shortcoming since 
the paired analysis of bucindolol-treated patients 
showed significant improvement in all parameters, in- 
cluding the noninvasive tests. A larger study is needed 
to evaluate further differences between treatment ef- 
fects of bucindolol and placebo. 

This protocol used 2 baseline treadmill tests. A more 
pure, albeit burdensome, methodology is to administer 
serial exercise tests until each patient consistently per- 
forms the same work between tests. This ‘limitation, 


however, does not invalidate our conclusion because bu- 
cindolol patients were found to improve with all other 
measures of cardiovas-ular function. 

We emphasize that bucindolol was started at a low 
dose and slowly increased. More rapid titration may 
cause hemodynamic embarrassment. Furthermore, 
some patients may require adjustment of other medica- 
tions after bucindolol’s initiation. 
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Failure of Captopril to Prevent Nitrate Tolerance 
in Congestive Heart Failure Secondary to 
Coronary Artery Disease 
Nader Dakak, MD, Nabeel Makhoul, MD, Moshe Y. Flugelman, MD, Amnon Merdler, MD, 


Habib Shehadeh, MD, Adam Schneeweiss, MD, David A. Halon, MB, ChB, 
and Basil S. Lewis, MD, MRCP(UK), FCP(SA) 


The possible role of angiotensin-converting enzyme 
inhibition in preventing or minimizing toleramce to 
intravenous nitroglycerin in severe congestive heart 
failure (CHF) was studied by quantitating the de- 
gree of tolerance in 12 patients receiving nifroglyc- 
erin (group 1) and in 9 patients (group 2) receiving 
nitroglycerin and concurrent treatment with capto- 
pril (60 + 29 mg/day). At peak effect, nitroglycerin 
produced almost identical hemodynamic changes in 
both groups, with significant decreases in right 
atrial and pulmonary arterial wedge pressure, sys- 
tolic blood pressure and systemic and pulmonary 
vascular resistances. Cardiac index increased. 

The extent of nitrate tolerance was calculated 
for each hemodynamic parameter as the percent- 
age loss of the peak effect achieved by the drug. At 
24 hours, 98 + 80% of the benefit achieved with 
respect to right atrial pressure was lost in group 1 
and 61 + 74% in group 2 (group 1 vs 2, diference 
not significant). For pulmonary arterial wecge pres- 
sure, 51 + 31% (group 1) and 85 + 53% (group 2) 
(difference not significant) of the effect was lost, 
and for cardiac index, 53 + 58% (group 1) and 54 
+ 44% (group 2) (difference not significant). Toler- 
ance was also almost identical regarding systolic 
blood pressure and systemic and pulmonary vascu- 
lar resistance. Thus, the extent of toleranc2 to 
high-dose intravenous nitroglycerin in CHF was un- 
altered by administration of captopril, indicating 
that in clinical dosage, counter-regulatory neurohu- 
moral mechanisms involving the renin-angiotensin 
system appear to be unimportant in its derelop- 
ment. 

{Am J Cardiol 1990;66:608-—613) 
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with congestive heart failure (CHF) may be rap- 

idly offset by the development of tolerance to the 
drug within 24 to 48 hours.!-4 Two primary mecha- 
nisms have been proposed*: (1) a cellular mechanism, 
in which depletion of sulfhydryl groups or alteration of 
the guanylate cyclase pathway is followed by attenua- 
tion of the effect o? nitrates,>’-!° and (2) a systemic 
mechanism, in which hemodynamic changes produced 
by nitroglycerin trigger a counter-regulatory neurohu- 
moral response,!!!? with stimulation of the renin-angio- 
tensin pathway, fluid retention and a secondary deterio- 
ration in hemodynamics. In keeping with the cellular 
mechanism is the evidence that administration of the 
sulfhydryl donor N-acetyl cysteine may ameliorate ni- 
trate tolerance,*!> while in keeping with the neurohu- 
moral mechanism is the increase in plasma renin activi- 
ty and body weight that has been observed during ni- 
trate administration? and the rebound vasoconstrictive 
changes that occur in some patients on withdrawal of 
nitrate therapy.!! The present study examined in more 
detail the role of the renin-angiotensin pathway in the 
development of nitrate tolerance. We quantitated the 
extent of tolerance to intravenous nitrates in patients 
with CHF, and compared the data with those of pa- 
tients concurrently receiving the angiotensin-converting 
enzyme inhibitor captopril. 


T beneficial effect of nitrate therapy in patients 


METHODS 

Study patients: The study involved 21 patients (18 
men, 3 women) with severe (New York Heart Associa- 
tion functional class IV) CHF in sinus rhythm, who re- 
quired hemodynarric monitoring as part of their clinical 
management. Their age ranged from 38 to 78 years. 
The etiology of CHF was advanced coronary artery dis- 
ease with extensive regional and global left ventricular 
dysfunction. In all, the pulmonary arterial wedge pres- 
sure was 216 mm Hg and systolic blood pressure =90 
mm Hg. Long-acting nitrate and other vasodilator ther- 
apy was discontinued at least 48 hours before the study. 
Baseline drug therapy with digoxin (10 patients) and 
furosemide (21 patients, dose 40 to 160 mg/day) was 
continued at a constant dosage schedule throughout the 
study period. Diuretic was administered at the same 
time each day, 6 sours after commencement of the ni- 
troglycerin infusian. 
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TABLE I Peak Hemodynamic Effect of Nitroglycerin . 
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C = control; Ci = cardiac index; HR = heart rate; N = n@rogiycerin peak effect); NS = not significant; PCWP = pulmonary capillary wedge pressure; PVR = pulmonary vascular re- 


sistance; RAP = right atrial pressure; SEP = systolic blood pressure; S 


The patients were randomly assigned to 2 treatment 
groups: group 1 (12 patients), who received nitroglycer- 
in without captopril, end group 2 (9 patients), who re- 
ceived oral captopril (dose 25 to 100 mg, mean 60 + 29 
mg/day) during and for at least 24 hours before the 
onset of the study. Captopril was administered in the 
highest possible dose tolerated by the patient without 
dizziness or decrease in blood pressure to <90 mm Hg. 

Data acquisition: A flow-directed catheter was posi- 
tioned in the pulmonary artery and an arterial line in 
the radial artery 12 to 18 hours before measurements 
were made. Pressures were measured in the right atri- 
um, pulmonary arterial and wedge position and radial 
artery. In the absence of mitral stenosis, the. pulmonary 
arterial wedge pressure represents left. ventricular end- 
diastolic pressure. Cardiac output and stroke volume 
were measured by thermodilution in triplicate at each 
stage of the study protocol. When a measurement devi- 
ated by more than 10% from the other 2 values, this 
value was discarded and an additional determination 
made. Body weight was recorded at the same time of 
day at the beginning and end of the study period. Blood 
samples for measurement of plasma renin activity and 
aldosterone were taken with the patient supine after. 20 
minutes supine bedrest. 


= standard deviation; SVR = systemic vascular resistance. 


Administration of nitroglycerin: After control hemo- 
dynamic measurements, nitroglycerin was administered 
by continuous intravenous infusion, increasing the dose 
rapidly over a period of 60 to 90 minutes until (1) the 
pulmonary arterial wedge pressure decreased to <10 
mm Hg, or (2) systolic b.ood pressure decreased to <90 
mm Hg or (3) there was an untoward clinical reaction 
(this did not occur). The dose of nitroglycerin (465 + 
481, range 60 to 1,600.~g/min in group 1; 413 + 132, 
range 240 to 660 ug/ min in group 2, difference not sig- 
nificant) was continued unchanged throughout the 
study period. Hemodynamic measurements were re- 
peated 3, 6, 12 and 24 hours after the onset of infusion 
of nitroglycerin. 

Quantitation of nitrate tolerance: The extent of ni- 
trate tolerance was calculated separately for each hemo- 
dynamic parameter, as the percentage loss of.the maxi- 
mum effect achieved by nitroglycerin, e.g., for the ex- 
tent of tolerance with rezard ‘to right atrial pressure, 
tolerance (%) = (measured right atrial pressute-mini- 
mal right atrial pressure} X 100/(control right atrial 
pressure-minimal right atrial pressure). 

- Statistical analysis: The effect of nitroglycerin at 
the time of each measurement and the extent of nitrate 
tolerance in patients receiving and those not receiving 


THE AMERICAN JOURNAL OF CARDIOLOGY SEPTEMBER 1, 1990 609 


captopril was examined using a 2-sample Studen: ¢ test. 
A paired t¢ test exemined the changes in hemodynamic 
and neurohumoral measurements before and alter 24 
hours of nitroglycerin in each group. 


RESULTS 

Hemodynamic measurements and effect of nitro- 
glycerin: Control hemodynamic measurements were 
similar in patients -eceiving and those not receiving cap- 
topril, and improved significantly and almost identically 
after nitroglycerin (Table I, Figures 1 to 6). At peak 
effect, right atrial pressure decreased by 77 + 21% in 
group 1 and 65 +25% in group 2 (group 1 vs 2, differ- 
ence not significent), and pulmonary arterial wedge 
pressure by 55 + 13% and 45 + 14% (difference not 
significant). Card.ac index increased by 36 + 23% and 
35 + 29% (difference not significant). The decreases in 
systemic (group L 31 + 10%; group 2, 33 + 18%; dif- 
ference not signif cant) and pulmonary (group 1, 44 + 


aol, 
NO 


=i NTG+CAP 


nash 
O 


RA Pressure (mmHg) 


D 
B a 
z 
E 
Q 
d 
pon | 
(a) 
N 
Q 
pe 
Q. 
= 
© 
as 


23%, group 2, 35 + 27%, difference not significant) vas- 
cular resistances were similar in both groups. Systolic 
blood pressure decreased by 13 + 6% in group 1 and 15 
+ 9% in group 2 (group 1 vs 2, difference not signifi- S 
cant). 

Incidence and extent of nitrate tolerance: Nitrate 
tolerance developed in a third to two-thirds of patients 
in each group, with considerable individual variation. 
Defining tolerance as a loss at 24 hours of 50% or more 
of the benefit achieved by the drug, tolerance was ob- 
served with respect to right atrial pressure in 8 of 12 
(67%) patients in group 1 and in 4 of 9 (44%) in group 
2 (difference not significant). With respect to the wedge 
pressure, tolerance occurred in 6 of 12 (50%) patients in 
group | and in 6 of 9 (67%) in group 2 (difference not 
significant), while in the remainder there was continued 
efficacy of the drug at this time. 

The extent of nitrate tolerance in both patient 
groups is shown in Figures 1 to 6. On the average, at 24 


FIGURE 1. Right atrial (RA) pressure dur- 
ing administration of nitroglycerin in pa- 
tients receiving (NTG + CAP) and those 
not (NTG) receiving captopril. There was 
ne difference between the 2 patient 
groups. 


FIGURE 2. Pulmonary capillary wedge 
(PCW) pressure during administration of 
nitroglycerin in patients receiving (NTG + 
CAP) and those not (NTG) receiving capto- 
pril. There was no difference between the 
2 patient groups. 
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24 
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hours, 98 + 80% of the decrease in right atrial pressure 
had been lost in group 1 and 61 + 74% in group 2 
(group 1 vs 2, difference not significant), while the ex- 
tent of tolerance for pulmonary vascular resistance was 


' _g~ 160 + 305% in group 1 and 167 + 296% in group 2 


(difference not significant). For cardiac index 53 + 58% 
of the increase was lost in group 1 and 54 + 44% in 
group 2 (difference not significant), while percentage 
tolerance regarding pulmonary arterial wedge pressure 
was 51 + 31% in group 1 and 85 + 53% in group 2 
(difference not significant). 

Plasma-renin activity, aldosterone and body 
weight: Plasma-renin activity was increased in a third 
of the patients in group 1 and in two-thirds of these in 
group 2, and was essentially unchanged after 24 hours 
of nitroglycerin (Table II). Aldosterone was also in- 
creased in both groups. In patients receiving captopril 
(group 2), the ratio cf renin to aldosterone was marked- 
ly higher. There was marked individual variation in 


FIGURE 3. Cardiac index during adminis- 
tration of nitroglycerin in patients receiv- 
ing (NTG + CAP) and those not (NTG) re- 
ceiving captopril. There was no difference 
between the 2 patient groups. 
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both renin (range 0.4 to 95.0 ng of angiotensin I/ml/ 
hour) and aldosterone (range 2 to 108 ng/dl) both be- 
fore and after nitroglycerin. Body weight was unaltered 
in both groups after 24 hours of nitroglycerin. 


DISCUSSION 

Neurohumoral mechanisms in congestive heart fail- 
ure and the effect of sitroglycerin: In CHF, there is a 
parallel and significant increase in plasma catechol- 
amines, atrial natriuretic peptide!4 and renin-aldoste- 
rone.!> Plasma renin activity may be increased to 10 
times normal and plasma norepinephrine to more than 6 
times normal in untreated patients.!6 The plasma renin 
level shows considerable individual variability and is in- 
fluenced by diuretic therapy.'’? A high plasma renin lev- 
el signifies an adverse Drognosis, as does an increase in 
catecholamines and atrial natriuretic peptide.'® Angio- 
tensin inhibitors may improve organ function!? and pa- 
tient survival.” 
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TABLE Il Neurohumora! Measurements 


Group 1 


Control 24 Hours 


Plasma renin activity 8411 


{(ngAngl /ml hrn 
Aldosterone (ng /db 27 +32 
Body weight (kg) 62+ 11 


ngAngl = nanograms of angiotensin |; NS = not significant. 


The response cf the renin-angiotensin system to ni- 
troglycerin may be complex. The sudden decrease in 
right- and left-sided cardiac filling pressures reduces 
atrial natriuretic peptide and favors an increase in plas- 
ma renin activity,“?! while improvement in cardiac out- 
put and juxtaglomerular blood flow would produce the 
opposite effect. Since the major effect of nitrate therapy 
is to reduce atrial pressures, with a more variable effect 
on cardiac output,?™?3 nitroglycerin usually increases 
plasma renin act.vity at 4 to 6?! and possiby at 24 
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Group 2 


Contro 24 Hours 


18432 


24418 
75419 


hours. Hyperreninemia, associated with an increase in 
angiotensin and aldosterone, may produce sodium and 
water retention, and has been invoked as a possibly im- 
portant mechanism in the development of nitrate toler- 
ance.® It is noteworzhy, however, that there was no in- 
crease in the already high plasma renin activity and 
body weight at 24 hours in the present study. 
Angiotensin inhibition and nitrate tolerance: The 
present study showed that administration of captopril, 
in a dose sufficient to increase plasma renin activity and 
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FIGURE 5. Systemic vascular resistance 
(SYR) during administration of nitroglyc- 
erin in patients receiving (NTG + CAP) 
amil those not (NTG) receiving captopril. 
There was no difference between the 2 
patient groups. SVR tended to be lower 
throughout in the captopril group. 
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FIGURE 6. Pulmonary vascular resistance 
(PVR) during administration of nitroglyc- 
erin in patients receiving (NTG + CAP) 
and those not (NTG) receiving captopril. 
There was no difference between the 2 
patient groups. 


reduce plasma aldosterone, failed to alter the response 
of the patients to intravenous nitroglycerin and did not 
alter the incidence or extent of nitrate tolerance, neither 
with regard to right- or left-sided cardiac filling pres- 
sures nor with regard to systemic and pulmonary vascu- 
lar resistance and cardiac output. Although the findings 
do not exclude counter-regulatory neurohumoral active- 
tion in the development of nitrate tolerance, the study 
implied that this mechanism was of little importance in 
the doses used in the clinical management of patients 
with severe CHF. 

Since nitrate tolerance may be related to a biochem- 
ical mechanism in which depletion of sulfhydryl groups 
limits the production of S-nitrosothiols,> it may be ex- 
pected that captopril, a sulfur-containing compound, 


‘may alter the extent of tolerance at a cellular level. Ni- 


trate tolerance can largely be reversed by the adminis- 
tration of large doses of the sulfhydryl donor N-acetyi 
cysteine! or methionine.2* Measuring forearm blood 
flow, Levy et al?’ found that captopril diminished the 
tolerance to transdermal nitroglycerin patches. Their re- 
sults may reflect the relatively small dose of nitrates in 
relation to a larger dose of angiotensin-converting en- 
zyme inhibitor. Alternately, mechanisms in the periph- 
eral venous bed may be different, particularly in pa- 
tients with severe CHF. 

Combined therapy with nitrates and captopril in the 
management of congestive heart failure: The addition 
of nitrates to the therapy of patients receiving captopril 
produced a significant decrease in left- and right-sided 
cardiac filling pressures, with an effect no less than that 
achieved in patients who were given nitrate therapy 
alone. Since pulmonary arterial wedge pressure was 
maintained above 10 mm Hg, cardiac index did nat de- 
crease during administration of nitroglycerin, even 
though nitroglycerin produced some withdrawal of the 
preload reserve mechanism.” Combined therapy with 
angiotensin-inhibiting drugs and nitrates is very useful 
in the management of patients with severe CHF.!! 
The study showed, however, that the mechanism of this 
salutary effect was not related to prevention of nitrate 
tolerance by the addition of captopril. 
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Analysis of Different Methods of Assessing the 
Stenotic Mitral Valve Area with Emphasis on the ~ 
Pressure Gradient Half-Time Concept 


Bengt Wranne, MD, PhD, Per Ask, MSEE, PhD, and Dan Loyd, D Eng 


There are 2 differ2nt theoretical models that ana- 
lyze factors influencing the transmitral pressure 
gradient half-time (T1/2), defined as the time eed- 
ed for the pressuse gradient to reach half its initial 
value. In this repcrt the models and the assurmp- 
tions inherent in fhem were summarized. One mod- 
el includes left heart chamber compliance, the other 
does not. Although the models at a superficial 
glance seem to be- contradictory, the conclusions 
drawn from them are similar: i.e., T1/2 is influenced 
not only by valve-area, but also by initial maximal 
pressure gradien- and by flow. Different clinical sit- 
uations in which ‘he T;/2 method for valve area es- 
timation has bees shown not to work are analyzed 
in the 2 models. tis concluded that these models 
have contributed to our understanding of the T;/2 
concept and when it should not be used. We also 
advocate use of fhe continuity equation in these sit- 
uations, since nc assumptions then need be made. 
(Am J Cardiol 1990;66:61 4-620) 
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valves varies with blood flow. Therefore, when 

assessing the degree of stenosis, it is important to 
measure not only the gradient, but also the actual valve 
area. There are several ways of doing this, of which the 
continuity equation, relating the area to flow and flow 
velocity, and ultrasound 2-dimensional estimation of 
valve area, are the most straightforward. The Gorlin 
equation! is a special case of the continuity equation 
where flow velocity is replaced by pressure gradient ac- 
cording to the Bernoulli equation. Two-dimensional 
valve area estimation is beyond the scope of this study 
and will not be discussed further. 

The pressure gradient half-time (T1/2), defined as 
the time needed for the pressure gradient to reach half 
its initial value, was introduced for use during catheter- 
ization.*> It was adopted to Doppler ultrasound’ and, 
on empirical grounds, a simplified formula for assessing 
mitral valve area was suggested.’ Flow variations were 
not considered to influence the formula significantly at 
that time. The T)/2 concept was later analyzed theoreti- 
cally and experimentally by several investigators.°!! 
These reports agree that T,/2 is influenced by initial 
pressure gradient as well as valve area. Some investiga- 
tors’ claim that, in addition, transvalvular flow influ- 
ences T\/2, whereas others®*-!! claim that left atrial and 
ventricular compliances must be taken into consider- 
ation. This article analyzes different Doppler approach- 
es to the estimation of stenotic mitral valve area, em- 
phasizing the differences and similarities between these 
approaches (Figure 1). 


T transvalvular pressure gradient across stenotic 


DESCRIPTION OF THE VARIOUS 
APPROACHES 

Analysis without inclusion of compliance: Flow 
through a stenotic valve is illustrated in Figure 2. The 
easiest and most obvious way ta calculate mitral valve 
area is to apply the continuity equation to measured vol- 
ume flow and flow velocity, or to noninvasively obtained 
stroke volume and Doppler velccity integral. We then 
obtain: 


(1) 


where Q is the volume flow, v the velocity, SV the 
stroke volume, and DVI the time integral of diastolic 
flow velocity through the valve. The area thus obtained 
is that of the vena contracta, Aœ where the fluid jet has 
minimal diameter, and which is normally located about 
half a diameter downstream from the anatomic orifice, 
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compliance is included 


assumed to be linear 





FIGURE 1. Different theoretical approaches to estimation of stenotic valve area, also illustrating the necessary assumptions 
made in each approach. Abbreviations are explained in the text in relation to the different equations. 
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FIGURE 2. Flow pattern through a stenotic heart valve. A, és the anatomic area of the valve ard p; and p2 are the pressures 

\ proximal and distal to the valve, respectively. At the entrance through the valve hole the flow contracts, and just distal to the 
hole, it reaches its minimal area, A., at the vena contracta. As indicated with the flow profiles, distal to the vena contracta is a 
core flow region with the same flow velocity as in the vena contracta. 
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Aa. The anatomic arza can be obtained from the area at 
the vena contracta ty division by the contraction coeffi- 
cient, Cy. 1213 
A 
A, = i (2) 


Ce 


Combining equations 1 and 2, one obtains: 


E TEE. EN E ERE- EA 
2") X (ce) (DYD X ©) 


This was realized ty Gorlin and Gorlin! who, however, 
could not measure velocity. They therefore calculated 
velocity from the Bernoulli relationship and took fric- 
tion into account v:a £ velocity coefficient, c,: 


= cqf 2BP (4) 


where p is the density and Ap is the pressure gradient. 
Designating /2/p with kj, setting Cy * Co equal to the 
discharge coefficient, cg,'2!> replacing velocity with the 
square root of the mean pressure difference (subscript 
m), and combining equations 3 and 4, they got: 


OEE. EDEN ESEE -a E 
"ky q Ap, Ki cy DFT /Ap,, 


which is the Gorlin equation. The Gorlin ccnstant'4 
is therefore equel to kca, the value of which de- 
pends on units used. DFT is the diastolic flow time, and 
k; DFT JApm ~ DVI. A slight error is obtained in the 
Gorlin equation by estimating the velocity integral using 
DFT vApm insteed of f VAp(t) dt. For severe stenosis 
this error is neghgible, but for mild stenosis the area 
may be overestimated by up to 15%. 

Tı/2 the time needed to reduce the transmi-ral pres- 
sure gradient to Falf its initial maximal value, was intro- 
duced for measuring the severity of mitral stenosis at 
catheterization*? and later adopted for Doppler ultra- 
sound.* On empirical grounds a simplified equation for 
the estimation of valve area in cm? was suggested?: 


(3) 


(5) 


Ama a (6) 


where T/2 is measured in ms. This equation does not 
include flow, ard indeed it was initially thcught that 
flow hardly inflnenced the area calculation.2> 
When analyzing the T;/2 concept, Loyd et al’ pre- 
dicted on theoretical and experimental grounds that. in 
addition to area. T;/2 was influenced by transported vol- 
ume and initial pressure gradient according to the fol- 
lowing formula: 
SV 


p k Ap, A, 


which, solved for anatomic area, gives: 


A = _ Sv 
i k, y Ap, Ty /2 


where Ap, is the initial maximal pressure gradient and 
kz is a constan: given by: 


(7) 


Tip 


(8) 
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Cy I 7 
q=% [2 (9) 


where Ip and a are related to the shape of the pressure 
difference curve.’ l 

Equations 5 (the Gorlin equation) and 8 can be 
compared with equation 3, which is based on the con- 
tinuity equation. Because all these expressions have 
stroke volume in the numerator, the denominators of 
equations 5 and 8 are estimates of the diastolic time 
velocity integral. 

Comparing the T),/2 relation of equation 6 with 
equation 8, it is evident that equation 6 is a special case 
of equation 8 anc applicable only when the relation 
SV/(k2 VApo) is constant. Both equations have the dis- 
advantage that the calculations involve errors when the 
pure gradient curve is truncated (as in short dias- 
tole). 

Analysis including compliance: In the analysis of 
mitral valve flow, Thomas et al®-!° used Newton’s sec- 
ond law and the continuity and Bernoulli equations. The 
relations between volume and pressure in the atrium 
and ventricle were described by the atrial and ventricu- 
lar compliances C, and C,, respectively. A schematic 
representation of zhe system is shown in Figure 3. In the 
derivation of T,/; it was shown that nonstationary and 
viscous terms could be ignored. They then arrived at 
a nonlinear differential equation. Assuming constant 
combined atrial ard ventricular compliance, C, = 
CaC,/ (Ca + C). the differential equation can be solved 
analytically, and the following expression for pressure 
difference is obteined: 

C, A 
Ap(t) = { ,{Ap, - ——— t (10) 
n= (son 2%) 


For Ap(t) = Ap,/2, t will be equal to T;/2 and we ob- 


tain: 
k, C, ,/Ap, 
Tin = k, Cn JAP (11) 


C., À 


C "a 


and, if solving for the anatomic area, 


k, C, /Ap, 
a = K2 Cn yAPo (12) 


i Ce Tiz 


DISCUSSION 

Is inclusion of compliance needed? In assessing 
Ti/a, the need to consider compliance has been suggest- 
ed°"!° and refuted.’ At first glance these opinions, ex- 
pressed in equations 7 and 11, seem to be contradictory. 
For example, the square root of the pressure difference 
appears in the numerator of equation 7 and the denomi- 
nator of equation 11. However, in the simplified analy- 
sis used by Tromas et al,®-!° if compliance is treated 
as one total linear compliance, it can be estimated as 
SV/Ap.. Replacing compliance (C,) in equation 11 
with this expression, /Apo is transferred from the nu- 
merator to the denominator, which results in an expres- 
sion essentially identical to equation 7. It can thus be 


rr le A AA 





. concluded that analyzing the Ti; concept both with 
and without inclusion of chamber compliance leads, 
with certain assumptions, to the same result. For a de- 
tailed description, see Appendix. 

Characteristics of atrial and ventricular.compliance: 
The pulmonary circulatory system can be represented 
with hydraulic equivalents, the complicances of the pul- 
monary artery and vein and the flow resistance, mainly 
located in the capillaries.!°-!7 The venous compliance 
constitutes about 40% of the total, and the veins, from 
the hydraulic point of view, can be considered an inte- 
grated part of the left atrium.!’ Because the time con- 
stant of the pulmonary vascular system, calculated from 
data by Shoukas,!° is approximately 1.9 second, and 
thus larger than typical values for T,/2, pulmonary arte- 
rial compliance need not be included. 

Ventricular diastolic characteristics are complex and 
include an early active relaxation and a late passive 
compliance phase.!® Combining the 2, ventricular com- 
- pliance is generally considered to be nonlinear.!9-?! The 
end-diastolic pressure/volume relation for the ventricle 
can be described by a function of the type p = ~a + 


from 
pulmonary 
capillary 
bed 
atrium ventricle 
and 
pummonary 
yein 


FIGURE 3. Representation of the mitral valve with the atrial- 
pulmonary system and ventricle; p, and p, are the pressures 
in the left atrium and ventricle, respectively; C, = combined 
compliance of the left atrium and pulmonry venous system; C, 
= ventricular compliance; YV, and V, = corresponding volumes. 


pressure 


volume 


FIGURE 4. Principal shape of the nonlinear pressure-volume 
relation for the left ventricle during diastole. The figure illus- 
trates dependence of compliance on the degree of ventricular 
filling. Compliance C; for a low diastolic volume is less than 
compliance C2 for a higher volume. 











be’, where a, b and c are constants. It is:apparent that 
compliance depends cn ventricular filling (Figure 4). 

Thomas et al®-!° serially combine atrial and ventric- 
ular compliances into 1 compliance. Strictly speaking, 
this can be done only if pressure/volume relation is lin- 
ear and net compliance constant. Nevertheless, they end 
up with a resulting compliance that they consider con- 
stant. They explain this constancy by invoking an in- 
crease in atrial complience and a decrease in ventricular 
compliance during left ventricular filling, resulting in an 
approximately ‘constant compliance with transfer of 
blood from atrium to ventricle. 

For constant compliance, equation 10 shows that 
there is a square relation between pressure difference 
and time. Since Bernoulli’s equation relates pressure 
difference to flow velocity, this means that flow velocity 
decreases with the square root of pressure difference 
and thus linearly with time. If a linear decay in the mi- 
tral velocity curve is found, the total compliance can be 
treated as being approximately constant. This is true in 
most patients, showing żhat the assumption by Thomas 
et al®-!° is reasonable. In some patients, however, the 
velocity decay is nonlinear,” suggesting that net compli- 
ance is not constant. 

The case of constant compliance and linear flow ve- 
locity time decrease can be seen as a variant of the anal- 
ysis presented by Loyd e: al.” As shown in the appendix, 
the 2 theoretical approaches for this case yield essential- 
ly the same expression for T)/2. However, the theoreti- 
cal analysis of Loyd et a:’ can also treat nonlinear pres- 
sure/volume relations (Le., volume-dependent compli- 
ance) and, to some extent, include time-varying 
compliance. The limitation is that the pressure-differ- 
ence curves must have tke same shape for all cycles. If 
net compliance is constant these shapes are invariant, 
implying that this condition for the pressure curve shape 
also must be fulfilled for analysis in the way Thomas et 
all? treat the problem. 

inflow to the pulmonary veins: Thomas,*"!° Karp,!! 
and their co-workers treat the left atrium and pulmo- 
nary veins as a common chamber, but do not discuss the 
possible influence of inflow from the pulmonary veins. 
If inflow is substantial compared to outflow, atrial pres- 
sure changes cannot be calculated from compliance and 
outflow, which must be done for their analysis. 


Mitrai valve 


Pulmonary valve 


FIGURE 5. A hydraulic model of the pulmonary circulatory 
system. Cp, = compliance of the pulmonary artery; R, = flow 
resistance of the pulmonary capillaries; Cp, X R, = time con- 
stant of the system. 
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For a simplifiea analysis of pulmonary venous flow, 
we assume that inflow from the capillaries to the pul- 
monary veins is approximately constant throughout the 
cardiac cycle. Becéuse of a high value for the time con- 
stant of pulmonar” circulation (1.9 second, see before), 
fluctuations are demped out (Figure 5). The vatume of 
blood transported irom the capillaries to the pulmonary 
veins from onset of diastole until T)/2 is reached equals 
SV X Ti/2/T, waere SV is stroke volume and T is 
length of the cardiac cycle. The relative error in estima- 
tion of volume in the ventricle will then be Ty/2/T. 
Thus, volume error for a normal Tı/2 of 60 ms at a 
cardiac cycle of 1,000 ms and stroke volume o? 100 ml 
will be 6 ml; for a patient with prolonged Tı/2 of 200 
ms, cardiac cycle length of 600 ms and stroke volume of 
40 ml, it will be 13 ml. These values are negligible com- 
pared with a normal end-diastolic volume of 125 ml. 

An advantage of the approach by Loyd et al,’ where 
the pressure-differerice curve is assumed to have a cer- 
tain shape, is the possibility of this curve including, to 
some extent, effects of pulmonary inflow to the system, 
because (in cont-ast to the model of Thomas et al®-!°) 
flow is not estimated from initial pressure difference 
and compliance. 
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Effect of atrial contraction: None of the models ex- 
pressly includes atrial contraction, although to some ex- 
tent it can be incorporated into the model by Loyd et al’ 
as part of the assumed pressure-difference curve. For 
patients with severe or moderate stenosis this does not ~ 
seem to be a major problem, since the relation between 
the expression SV/(VApo T1/2) (which multiplied by 
the constant k; gives an estimate of the valve area; com- 
pare equation 8) and the Gorlin-derived mitral valve 
area falls on approximately the same regression line ir- 
respective of rhythm, implying a reasonably constant kz 
(Figure 6). This also implies that truncation of flow 
does not influence the relation to a major degree; if that 
had been true, a higher value of ky would have been 
expected. For sinus rhythm and mild stenosis, a dramat- 
ically different k, value seems to exist. 

Use of steady flow equations: Loyd et al’ assume, 
on theoretical grounds, a stationary flow. Thomas et 
al8.!° started with a model including transient terms but 
showed that these terms could be excluded; in the final 
equations flow was treated as stationary. 

Clinical situations where the pressure gradient half- 
time concept has been shown not to work: For certain 
groups of patients, the calculation of T;/2 has errone- 





Mitra! area, Gorlin, cm2 


FIGURE 6. The relation between the expression SV/(VApo T 1/2) (compare equation 8) and mitral vaive area in 30 patients with 
mitral stenosis but without significant mitral regurgitation. All values were obtained during cardiac catheterization; T,,2 and Ap, 
were measured frem simultaneous pressure reccrdings from the left ventricle and the left atrium or the pulmonary wedge posi- 
tion. Stroke volume was obtained with the Fick principle. Open squares, patients with atrial fibrillation; open triangles, patients 
with nodal rhythm {n = 1) or electrical pacemaker {n = 2); closed squares, patients with sinus rhythm. The regression line 
shows the relation for patients with atrial fibrillztion (Y = 20.4 + 37.0 X, r = 0.68). The slope of the regression line is the con- 
stant ko of equaticn 8, which is related to the shape of the pressure gradient decline curve. The relations for patients with mild 
stenosis and sinus rhythm are far off the regression line, indicating that k2 may be different in these patients. Ap, = initial maxi- 
mal pressure gradient; SV = stroke volume; Ti- = pressure gradient half-time. 
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ously indicated the degree of stenosis. ”>!12324 The find- 
ing of a shorter than expected T-/2 in patients with mi- 
tral stenosis and aortic regurgitation”? may be explained 
by steep elevation of left ventricular diastolic pressure 
due to aortic inflow modulated by changed left ventricu- 


lar compliance, mostly resulting in more rapid reduction 


in the transmitral gradient. Karp et al!! explained a 
shorter than expected T|/2 as being due to increased left 
ventricular stiffness (decreased compliance), which ac- 
cording to equation 11 lowers T\;2. The finding of in- 
creased T;/2 in a patient with mild mitral stenosis and 
ischemic heart disease’ seems to contradict this. How- 
ever, the filling characteristics of the left ventricle are 
complex. The finding in this patient could hypothetical- 
ly be explained by slow active relaxation in combination 
with fairly normal passive net compliance, while the 
shortened T,/2 found by Karp et al’! is due to a domi- 
nating change in net compliance. Similar changes in the 
diastolic filling pattern have recently been described in 
patients with cardiomyopathy, where shortened T,/2 is 
seen with restrictive physiology and prolonged T\/2 with 
impaired left ventricular relaxation.'*?> The contradic- 
tory findings’! thus express the complex situation that 
may exist with elevated transmitral driving pressure 
combined with compromised relaxation and compliance 
of the left ventricle with a pressure-volume relation 
that changes with preload. An immediate postvalvot- 
omy T1/2 higher than the expected? may be explained 
by postvalvotomy increase in transported volume 
through the valve at a lower transvalvular gradient 
(equation 7), resulting in increased T;/2 for a given 
area, or in terms of acutely altered net compliance 
(equation 11). Contradictory findings by Chen et al*# 
show the complexity of the T,/2 concept. 

Practical implications: T |. has one great advantage 
over other Doppler variables: it is independent of angle 
of incidence between blood flow and the Doppler beam. 
It clearly carries a relation to mitral valve area and 
should therefore be used as one of several criteria for 
assessment of mitral stenosis. Area calculation by the 
equation 220/T1/2 is, however, potentially dangerous 
because of its simplicity in combination with the magic 
impact a single number tends to have. One must always 
remember that T)/2 also is influencec by stroke volume, 
initial pressure difference and compliance of the left 
heart chambers. T;/2 should always be interpreted with 
this in mind; i.e., equation 8 should be conceptually con- 
sidered. Special caution should be taken in patients who 
also have aortic regurgitation, impaired left ventricular 
function, or nonlinear transmitral velocity decay. 

The denominator of equation 8, kz App T1 2, is an 
estimate of the diastolic time integral, and is also the 
denominator of the continuity equation (equation 5) 
and is easily measured from spectral Doppler record- 
ings. By measuring stroke volume naninvasively,?>7°2/ 
the continuity equation would seem advantageous to the 
Ti/2 approach, since the assumptions necessary for 
equations 8 and 12 are not needed. Analyses of flow 
conditions at the stenotic mitral valve with or without 
inclusion of compliance have given a theoretical base for 
understanding the limitations of the T,/2 concept, but 
the presented equations (8 and 12) do not, for practical 


purposes, have any advantages compared to the conti- 
nuity equation. 
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APPENDIX 

` Consider the model of the atrium and ventricle in Frgure 7. 
The atrium and ventr cle are represented with open.vessels of 
cross-sectional area A, and A», respectively. A, is the area of 
the hole correspondirz to the valve, and H the initial height 
difference between flud levels. From the Bernoulli and continu- 
ity equations we can calculate Ty/2 as: 


T 2 2— y2. AA i 
a fig Ait Ay oy Ag 


a Ce Ay 2 
Ay 


where we can assum: the value of the square root exprzssion to 
be close to 1 if the -elations between areas Ay, A; and Aa 
respectively, are sucticiently small. This assumption will be 
made below. | 
The total volumetransported by the initial height difference 
is: 
A,A 
V=——+-H 
A, tA, 
Including this expression in equation Al and with the initial 
pressure difference >qual to Ap, = ci we obtain: 
l 





(A2) 





T= N2 =o- A 
yA Po Ca Ao 
Soag for As we get: 
A. = constant sees (A4) 
y Apo 1/2 
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which with V = SV is essentially identical to equation 8. 
From calculations of transported volumes we can obtain the 
combined compliance of the atrium and ventricle as 


1 A,A, 


Se (A5) 
"pg A, +A, 


Inserting this expression in equation A1 and with the expression 
for Apo, we get: 


l 
Ti = (y2 - 1)V PCa AP -= (A6) 
d 
or, solving for A,, we get: 
ACA l 
A, = constant Coy AP. (A7) 


1/2 


which is principally equal to equation 10. 

This analysis shows that for the cardiac model described 
above, the valve area can be related to T;/2 via expressions that 
either do or do not include compliance. It can be noted that the 
analysis by Loyd et al’ uses the discharge coefficient ca, but 
that Thomas et al®-!° uses ce. However, Thomas et al assumed 
the velocity coefficient to be equal to 1, and their c, is therefore 
equal to ca. 

A detailed derivation of equation Al can be obtained from: 
Loyd D, Ask P, Wranne B. Theoretical analysis of pressure 
half-time, Report LiTH-IKP-R588. 


FIGURE 7. Flow through the mitral 
valve represented by flow between 2 | 
fluid-filled containers. The atrial side is 
indicated by 1 and the ventricular side 
by 2. The cross-sectional areas of the 
containers are A; and A2, respectively. 
A. = area of the hole through which 
fluid flows with a flow velocity of v; E = 
level of equilibrium; H = initial height 
difference of the fluid levels in the con- 
tainers; h = the difference at a certain 
time. 
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M agnetic Resonance Imaging f 


rd Aurigemma, MD, Nathaniel Reichek, MD, Mark Schiebler, MD, and Leon Axel, PhD, 
-~ with the technical assistance of Christine Harris, RT, and Ali Muhammad 


V zu used cine magnetic resonance imaging (MRI) to 
_assess mitral regurgitation (MR) in 40 patients 
_ with coronary and/or valvular disease and 10 nor- 
mal subjects and compared results to pulsed (n = 
30) or color flow Doppler mapping (n = 20). Mitral 
_ regurgitation produced a dynamic signal void in the 
ief atrium in systole in 15 of 16 patients with MR 
_ by pulsed Doppler and in an additional 15 of 16 pa- 
tients whose MR was demonstrated by color flow 
Doj Deore . There were no false positives (sensitivity 

%, specificity 100% for both). The ratio of sin- 
a ol ane, maximal jet area to left atrial area was 
_used to grade MR severity with mild defined as 
_<20%, moderate between 20 and 40% and severe 
_>40%, Cine MRI classification was identical to 
pulsed Doppler echocardiography in 26 of 30 pa- 
_tients and to color flow Doppler in 16 of 20 pa- 
tients with no differences of >1 grade. Cine MRI 
consistently depicted smaller flow disturbances 
than pulsed Doppler (slope = 0.65) or color flow 
Doppler (slope = 0.60). Nonetheless, the cine MRI 
area ratio correlated well with pulsed Doppler ca = 
0.78) and with color flow Doppler (r = 0.74). Thus 
nar analysis of cine MRI in patients with MR of 
_Varying severity gave results that were similar to 
Doppler echocardiography. At present, for routine 
clinical assessment of MR, the benefits of cine MRI 
may be limited to patients in whom transthoracic 
“echocardiography is not adequate. 

(Am J Cardiol 1990;66:621--625) 
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ine magnetic resonance imaging (MRI) uses 
gradient refocused echoes to produce dynamic, _ 


high-resolution tomographic images of cardiac aS 
motion and blood flow without contrast administration! 


The heart can be imaged at multiple levels simulta- 
neously and the resulting images displayed in cine loop | 
fashion. Moreover, turbulent flow associated with valvu- 


lar regurgitation appears as a discrete signal void?3 and 
is readily distinguishable from laminar flow, Pulsed and 


color flow Doppler echocardiography are used clinically 
for the evaluation of mitral regurgitation (MR), but can 
sample only selected planes through the heart.* Because 
cine MRI can tomographically sample the entire cardi- 
ac volume and distinguish turbulent from laminar flow, 
it may be valuable to apply this technique to the study 
of MR. Our study assessed the ability of cine MRI to 


detect MR and to quantitate the size of the associated 


flow disturbance as compared to pulsed and color flow oe 
Doppler. aS 


METHODS ue 

Patients: Forty patients aged 25 to 88 years witha 
medical history of valvular or coronary artery disease 
and 10 volunteers aged 25 to 70 years without known 


heart disease made up the study group. Patients with 


known valvular heart disease were approached for par- 
ticipation in the study based on results of a recent 


Doppler echocardiographic examination or at the sug- 


gestion of their physician. In addition, patients with 
clinically normal valves who had a cine MRI examina- 


tion for evaluation of coronary artery bypass graft pa- | 
tency? were also included in the study group. All sub- oe 
jects were clinically stable, in regular sinus rhythm. and 


gave informed consent. The study was approved by the Le 


institutional review board of the Hospital of the Univer- 


sity of Pennsylvania. S 
Cine magnetic resonance imaging technique: MRI : 
was performed in a 1.5 Tesla Signa (General Electrico) 
MRI system. Each study began with electrocardio- — 
graphically-gated multislice coronal spin echo i images of 
the thorax for cardiac localization. The image matrix — 
was 128 X 256, interpolated to 256 X 256 for display 
and the field of view was 32 or 40 cm depending on 
patient size. The coronal series was used to define the 
extent of the left atrium. At least 2 cine MRI series of we 
two to four 5 to 10 mm-thick axial slices through ithe | 








5 mm: to 2 cem were soban i in all subjects, É Ea 
series, however, ‘we concluded t that the pimal 


























proach was used routinely for the 
nts in the remainder of the series. 
-The cine MRI techniques used flip angles of 30° 
and gradient refocused echoes with an echo time of 12.5 
ms and repetition time of 22 ms. The radio frequency 
pulse, readout gradient, phase-encoding gradient and 
lice-selective gradient occurred independently of the 
diac cycle every 22 ms. The R wave of each electro- 
eardiographic cycle controlled advancement of the 
phase-encoding gradient to the next image line. In this 
study, frame rate was determined by dividing the RR 
_ interval by the repetition time and then by the number 
-of slices desired in the cine loop. Thus, for an RR inter- 
val of 800 ms (heart rate 75 beats/min) 36 frames were 
available. If 3 slices were desired, each cine loop con- 
tained 12 frames per cardiac cycle. The number of 
frames per cardiac cycle for subjects in this series 
ranged from 5 to 26. It is also possible to obtain more 
frames by interpolation in the image reconstruction. 
Two to 4 signal averages per image series were obtained 
to optimize image quality. Each acquisition took 128 
cardiac cycles, 1 for each Y line in the image. Time per 
acquisition at the time of this study included 2 to 3 min- 
utes for prescan, 3 to 5 minutes for imaging and 5 to 10 
minutes for imaging processing. Total time per study 
was approximately 50 minutes. Subsequent software 
improvements permit patient time in the system of 
roughly 35 minutes with image reconstruction tume of 3 


minutes per series. 




























„magnetic resonance imaging (CMRI) jet area/ 
classification compared to pulsed Doppler (PD) and 
w Doppler (CFD). Mild was defined as an area ratio 


pa- using stan 































A 2.5 MHz Doppler flow probe was use 


examinations from apical and parasternal wind 
ooint-by-point meticulous search for disturbed flox 
conducted from apical 2- and 4-chamber and paraste 
nal long-axis views in all patients. Twenty subjects were 
evaluated using color flow Doppler mapping witha 
Hewlett-Packard model 77020 system. A careful search 
was made in each view to record the maximum systolic = 
left atrial area of disturbed flow. ve (eRe 
Evaluation of resulits-—cine magnetic resonance č 
imaging: Qualitative recognition of MR by cine MRI 
was arrived at by consensus at a reading session attend- 
ed by 2 cardiologists and 2 radiologists. Jets of MR. 
were defined as dynamic zones of signal void in the left 
atrium in systole extending from the mitral valve plane. — 
For each study, the cine MRI frame showing the maxi-. 
mal signal void associated with MR was selected. 
Quantitation was performed by digitizing the area of 
the signal void and the left atrial area from film hard 
copy using a microcomputer equipped with a backlit, 4 
transparent high-resolution digitizer (Hewlett-Packard = - 
9825A). Because the imaging planes were different by 
cine MRI and Doppler echocardiography, the ratio of 
maximal jet area to left atrial area was used to normal- 
ize results. Severity was graded as follows: mild, jet area. 
to left atrial area ratio <20%; moderate, jet area to left 
atrial area ratio between 20 and 40%; and severe, jet 

























to left atrial area greater than 40%, after the work 
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: Doppler ography: Qualitative recognition 
of | MR by Doppler echocardiography was determined 
-by 2 observers who were unaware of the cine MRI re- 

sults. A single observer, blinded to the cine MRI results, 
` -assessed the severity of MR. Mitral regurgitation was 
_. defined as a broad high-velocity spectrum with aliasing 
~- — — detected in the left atrium and extending from the valve 
_ plane in systole for pulsed Doppler. Using color flow 

< Doppler, MR was defined as a retrograde flow region 

-with or without variance and aliasing extending from 

the mitral valve into the left atrium in systole and con- 
firmed by pulsed Doppler. The area of the MR color 
flow disturbance was outlined on clear plastic film and 

: digitized. In subjects who had pulsed mapping alone, a 
_ perimeter of the zone in the left atrium where turbulent 
-flow was detected was made on a clear plastic overlay 
and digitized. The jet area to left atrial area was ex- 

“pressed as a ratio. The severity of MR was graded as 

«mild if the ratio was 20h as moderate if 20 to 40% 
and as severe if >40%.* 

Statistical analysis: For the purposes of this study, 
Doppler echocardiography was taken as the reference 
standard. Sensitivity and specificity of cine MRI com- 

- pared to color flow Doppler and pulsed Doppler were 
_ €alculated. The classification of MR as absent, mild, 
_ moderate or severe by cine MRI and pulsed and color 
flow Doppler on single-plane maximum jet area left 
atrial area ratio was compared to define semiqualitative 
agreement. In addition, absolute jet area/left atrial cor- 

-relations were compared by linear regression. 
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-the study of a patient with moderate mitral regurgitation. Ori- 
entation is similar to Figure 2 for these systolic images. A, 
ze arrow points to wedge-shaped signal void in left atrium 
ied posteriorly. Small arrows point to closed mitral valve 
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RESULTS | i 

Mitral regurgitation was deisi 3 Doppler € 
cardiography in 32 of 50 subjects and by cine MF 
30 of 50 subjects. Mitral regurgitation was found i in i 
of the 20 subjects examined by color flow Doppler and 
16 of 30 examined by pulsed Doppler (Figure 1). Cine 
MRI detected MR in 15 of 16 subjects with MR by 
pulsed Doppler and 15 of 16 with MR by color flow _ 
Doppler (Figure 1). There were no false positives. Over- _ 
all sensitivity was 94% and specificity was 100% with 5 
Doppler flow mapping as a reference standard. = 

Using cine MRI, intracardiac laminar blood dow 
generates a higher signal than myocardial structures 
(Figure 2). A regurgitant jet of MR was visualized asa 
signal void in the left atrium in systole (Figure 3), The 
extent, shape and direction of the signal void varied > 
from patient to patient. Also, there often was dynamic 
variation in the signal void size and shape in a single 
plane throughout systole (Figure 4). 

Classification: Cine MRI classification was identical . 
to pulsed Doppler in 26 of 30 (87%) with MR and iden- 
tical to color flow Doppler in 16 of 20 (80%) subjects. 
There were no differences of >1 grade. 

Jet area/left atrial area comparison: Figure 5 shows 
% left atrium occupied by the MR jet by color flow 
Doppler and cine MRI. The regression equation was 
cine MRI = 3.8 + 0.60 color Doppler (r = 0.74). For = 
pulsed Doppler, the relation was cine MRI = 46+ © 
0.65 pulsed Doppler (r = 0.78) and is shown in Figure _ 
6. Cine MRI, using the technique described, therefore 
consistently depicted a smaller relative area of flow dis- 

































FIGURE 4. Axial systolic cine magnetic resonance images 
from study of a patient with severe mitral regurgitation. A, | 
large white arrow points to signal void in left atrium emanat- 
ing from region of closed mitral leaflets (small arrows). BCG 
D, area of signal void enlarges and propagates panto 
throughout systole. In C and D, signal void ha di- | 
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rue volumetric estimation i > severity of vah 
ar regurgitation can only be accomplished by compar- 
ng forward left ventricular stroke volume with total left 
entricular stroke volume. Such estimates of regurgitant 
me are only meaningful in patients with single-valve 
‘gitation. While the clinically accepted method for 
uting regurgitant volume subtracts Fick (or ther- 
dilution) cardiac output from angiographic cardiac 
put,® regurgitant volume has also been estimated 
oninvasively by radionuclide angiography’ and by cine 
“computed tomography.* In addition, 2-dimensional® and 
Doppler echocardiography?’ have been used to compare 
-right and left ventricular stroke volumes and to estimate 
regurgitant fraction. However, for MR, clinicians com- 
monly rely on semiquantitative assessment of the area 
-of flow disturbance, such as is provided by Doppler 
~~ echocardiography or by angiographic (1+, 2+) grading. 
In general, there is a good correlation between Doppler- 
derived regurgitant jet area and qualitative angiograph- 
-iç assessment of regurgitation.* Because cine MRI, like 
color flow Doppler mapping, displays disturbed cardiac 
flow, it appears to be a suitable method for the semi- 
quantitative grading of MR. 
Cine magnetic resenance imaging signal properties: 
`= With gradient refocused imaging, myocardial structures 
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cMAI = 3.8 + 0.60 CFD 
r=,74 
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he flow is laminar or turbulent. In genera 
flowing blood generates uniform, bright signa’ 
be due to the continuous entry into the imaging pl 
fresh blood whose spins are “unsaturated” an 
maximal signal.'-!! Factors that may also contribute | 
the high signal are the high-proton density of blood 
and the lack of phase cancellation induced signal loss 
and short echo times. 2 
The regurgitant jet of MR was associated. with 
of signal in a region of the left atrium in systole. M 
ple mechanisms of signa! reduction may exist. De 
ing of spins caused by shear between flow layers moving 
at different velocities adjacent to heart or blood vessel 
wall can produce a signal void. Time of flight effects are = 
thought to be minimal for cine MRI. Fram et al'? have 
shown the velocity dependence of signal amplitude at 
short repetition times in an in vitro model with evidence 
of a decrease in signal at higher velocities. For regurgi- 
tant jets, signal voids are presumably due to turbu- > ~ 
lence!3; phase cancellation of signal may occur among © 
protons moving at different velocities.” a 
Cine magnetic resonance imaging/Doppler compar- 
isons: Overall qualitative correlation between cine MRI 
and Doppler echocardiography was good with no differ- —— 
ences of >1 grade. The quantitative correlation wasalso 
good, though cine MRI appeared to show smaller flow 
disturbances that pulsed Doppler (slope = 0.65) or color 
flow mapping (slope = 0.60). This discrepancy may be 
due to multiple factors. First, temporal resolution of 




































CMRI = 4.6 + 0.65 PD 
p=_78 


mapping was different for. cine MRI than for pulsed 
Doppler. Thus, the maximal jet area defined for pulsed 
Doppler was mapped throughout systole and the com- 
posite of all points positive for MR were taken. Similar- 
ly, for color flow Doppler, the frame rates ranged from 
15 to 30/second. In contrast, as noted before, cine MRI 
has an effective frame rate of only 12/cardiac cycle/ 
slice in a 3-slice acquisition when the heart rate is 75 
beats/min. Because MR flow varies over time, the dif- 
fering temporal resolution of sampling by Doppler echo- 
cardiography could result in larger apparent jet area 
even if both Doppler echocardiography and cine MRI 
jets were actually identical. Secondly, differences in im- 
aging planes used could affect the results, because axial 
cine MRI images lie closer to the short-axis plane of the 
MR jet, while the apical Doppler window lies closer to 
the jet’s long-axis plane. Recent software enhancements 
permit oblique imaging with cine MRI and further 
studies should permit comparison of comparable image 
planes. Additionally, while Doppler and cine MRI both 
detect turbulent flow, they may in fact be measuring 
different physical phenomena. Finally, discrepancies be- 
tween cine MRI and Doppler grading of MR may have 
been due to differences in loading conditions between 
the time of the 2 studies. Patients had their cine MRI 
and Doppler studies on the same day whenever possible. 
Nonetheless, because hemodynamic monitoring was not 
performed during MRI, hemodynamic changes, with 
attendant effects on regurgitant jet area, may have tak- 
en place. 

Study limitations: There are a number of important 
limitations to this study. The size of the color flow 
Doppler jet of MR has been shown to vary depending 
on technical factors, including gain adjustment and fil- 
ter settings.*!4 Technical factors also influence the size 
of the flow disturbance as depicted by cine MRI; the 
size of the signal void associated with valvular regurgi- 
tation appears to be dependent on echo time. In addi- 
tion, as noted before, cine MEI frame rate is dependent 
on the patient’s heart rate and number of slices per ac- 
quisition. Finally, window anc threshold settings for the 
cine MRI display were set to provide maximum con- 
trast for each image; no attempt was made to standard- 
ize these settings. 

This study may also be criticized for the use of 
Doppler echocardiography as a reference standard. The 
limitations of Doppler semiquantitative grading have 
been well described.! However, we chose to compare 
the results of cine MRI grading to Doppler echocardi- 


i 





ography because the latter remains the standard nonin- 
vasive method used to evaluate valvular regurgitation. 
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Genetic Evidence of Dissociation (Generational 
_ Skips) of Electrical from Morphologic F orms of 
Hypertrophic Cardiomyopathy — 


Neal D. Epstein, MD, Henry J. Lin, MD, and eae Fananapazir MD 
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The diagnosis of hypertrophic cardiomyopathy (HC) 


is traditionally based on the demonstration by 
echocardiography of left ventricular hypertrophy in 
the absence of apparent cause. This study reports 
on 5 adults in 4 families who are obligate or highly 
probable carriers of the HC gene by virtue ‘of their — 


position in the pedigree, but who have normal echo- | 


cardiographic findings. Four of these 5 patients 
had abnormal signal-averaged electrocardiograms, | 
a finding suggesting the presence of electrical dis- 
ease despite the absence of left ventricular hyper- 
trophy. The fifth patient, an identical twin of a pa- 
tient with familial HC, had neither left ventricular 
hypertrophy nor a myocardial electrical abnormali- - 
ty. These data indicate that the spectrum of HC in- 
cludes patients who have a potentially arrhythmo- 
genic left ventricular substrate but who have no ev- 
idence of left ventricular hypertrophy. Our data 
demonstrating generational skips also iniply that 
some instances of HC previously judged to be spo- 
radic may indeed be familial. 

(Am J Cardiol 1990; ;66:627-631) 
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ized by the demonstration of a hypertrophied 
nondilated lzft ventricle in the absence of other 
diseases that may cause an increase in left ‘ventricular ' 
wall thickness.! Based on this definition, family studies 
have indicated a pattern of inheritance that is consistent | 


Hers E (HC) is character- 


.with autosomal dominant transmission with variable 


penetrance and expressivity. Only 20 to 25% of first- 
degree relatives of țatients with HC have echocardio- 


_ graphically demonstrable left ventricular hypertrophy, 


and nearly half the cases of HC appear to be “sporad- 


je.” 2-9 


Signal-averaged. electrocardiographic detection of | 
late potentials is strcng evidence for the existence of a 
left ventricular substrate that can potentially sustain a 
reentrant, ventricular arrhythmia.!° Because patients 
with HC are prone to ventricular arrhythmias and sud- 
den death,!'!:!2 it is significant that many of these pa- 
tients have been shown to have late potentials.!?14 The 
first-degree relatives with normal echocardiograms of 


patients with HC alsc have a higher than expected prev- 
- alence of late potentials.!5 This further supports the ex- 


istence of an electrical form of HC in which left ventric- 


. ular hypertrophy is absent. Consistent with this is the 


fact that occasionally children in affected families have | 
an abnormal electrocardiogrdm with no evidence of left 


. ventricular hypertrophy, and only later develop left ven- 
tricular hypertrophy in childhood or after adolescence.'® 


-- Therefore, many patients presumed to have the sporadic 


= form of HC, may in fact be offspring of persons who 
` have the gene for HC but who have no echocardio- 


graphic abnormality. The present study identifies 5 per- 


| sons in 4 families who demonstrate these conclusions. 


_ METHODS 


Patients: Eighty stents with HC were queried . 
for family histories that suggested the occurrence of 


_ generational “skips” in HC, i.e., incomplete penetrance 


or variable expressivity. Members of these selected fam- _ 
ilies were then evaluated by 12-lead electrocardiogra- 


. phy, echocardiography and signal-averaged electrocar- 
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diography. 

Echocardiography: A Hewlett-Packard (Sonos 500 
or Sonos 1000) real time, pulsed array, 90° ultrasonic 
scanner with a 2.5-mHz transducer was used to perform 
the echocardiographic studies. Real time studies were 


_recorded at 60 frames /s. Two-dimensional echocardio- 


graphic images were obtained in a number of cross-sec- 


. tional planes by using standard transducer positions. 


Using methods described previously,'7!° the distribu- 
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tion of left ventricular hypertrophy was assessed primar- 
ily in the parasternal short-axis planes, although para- 
sternal long-axis, apical 2- and 4-chamber views were 
also used to integrate the information obtained from the 
short-axis images. 

In the short-axis plane, the left ventricle was divided 
into 4 regions that comprised the anterior and post2rior 
ventricular septum and the anterolateral and posterior 
left ventricular free walls. Presence and extent of left 
ventricular hypertropay in these 4 regions were evaluat- 
ed in diastole at the ‘evel of the mitral valve and papil- 
lary muscle directly fram the television monitor and 
with the aid of calipers. Thicknesses of the ventricular 
septum anteriorly and posterior left ventricular free wall 
also were assessed quantitatively from the M-mode 
echocardiogram. 

A wall thickness index was used to assess the magni- 
tude of left ventricular hypertrophy. This index was cal- 
culated by adding measurements of maximal wall thick- 
ness obtained in each of the 4 left ventricular seg- 
ments.!© This calculated score has been used as a 
quantitative expression of the overall magnitude cf left 
ventricular hypertroshy in patients with HC.!6 

Signal-averaged electrocardiography: Signal-aver- 
aged electrocardiography was performed using a high- 
resolution electrocerdiogram (Predictor, Corezonix 
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Corporation). Signals were amplified, digitized and av- 
eraged to a noise leve. of <0.4 uV, using a selectable 
template for QRS detection and alignment, a bidirec- 
tional filter and high-pass corner frequencies of 25 and . 
<0 Hz. A vector magnitude was plotted combining the 
filtered outputs of eaca lead. Late pctentials were con- 
sidered to be present when (1) the duration of the total 
filtered QRS complex. was >110 ms, (2) root-mean- 
square voltage of the terminal 40 ms of the QRS 
complex (RMS) was <30 „V, and/or (3) duration of 
“he pom putes (<40 uV) sigrals (LAS) was 235 
as Ml 


RESULTS 

Three pedigrees (families 2006, 2124 and 2817) 
were identified in whizt incomplete penetrance was evi- 
dent on the basis of echocardiographiz criteria. A fourth 
pedigree (family 2129) was identified in which incom- 
plete penetrance was highly probable. 

Family 2006 (Figure 1): The proband (no. 7) in this 
family underwent left ventricular myotomy and myo- 
mectomy at age 12 y2ars. Her 15-year-old brother (no. 
8) had echocardiographic eviderce of HC. The pro- 
band’s maternal great grandfather ‘no. 1) died before 
the first description o7 HC of a ru>tured abdominal aor- 
tic aneurysm. He had always been normotensive as 


FIGURE 1. Inheritance of hypertrophic 
cardiomyopathy (HCM) in families 2006, 
2124, 2817 and 2127. (Nonessential 
changes have been made to preserve fami- 
ly anonymity). 
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clearly documented by a physician involved in his long- 
term care. At autopsy, the heart weighed 570 g. The 
coronary arteries and valves were normal. The left ven- 
_ tricular wall measured 20 mm in thickness. Microscopic 
examination disclosed patchy areas of mild myocardial 
fibrosis and hypertrophy consistent with HC. All 
branches of the coronary arteries that were visualized 
were normal. Hemosiderin-laden macrophages in the 
lung indicated chronic cardiac disease. Both the grand- 
father (no. 3) and mother (no. 6) had normal echocar- 
diograms and 12-lead electrocardiograms (Figure 2); 
however, both had abnormal signal-averaged electrocar- 
diograms (Figure 3). There was no indication of HC in 
the spouses on echocardiography or by family history 
(nos. 4 and 5). These findings, and the presence of 2 
affected siblings in the fourth generation and the affect- 
ed great grandfather in the first generation, provide 
strong evidence for a genetic disease. Therefore, both 
the proband’s grandfather (no. 3) and mother (no. 6), 
being positioned between 2 cases of HC in the first and 
fourth generations, can be considered obligatory carriers 
of the gene for HC despite their normal echocardio- 
grams and electrocardiograms. 

Family 2124 (Figure 1): In this family the proband 
(no. 4) had HC by echocardiographic criteria. His aunt 
(no. 3) also had HC on echocardiography and required 
a permanent pacemaker because of associated heart 
block. Cardiac catheterization showed that the coronary 
arteries were normal. The proband’s father (no. 1) had 
no evidence of HC on echocardiography and had a nor- 
mal electrocardiogram. His signal-averaged electrocar- 
diogram was abnormal. There was no evidence of HC 
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in the proband’s mother (no. 2) on echocardiography, 
12-lead electrocardingraphy or family history. Thus, the 
proband’s father (no. 1) is an obligate carrier for the 
HC gene and shows; only an electrical abnormality de- 
tected by signal-averaged electrocardiography. 

Family 2817 (Figure 1): The twins in this family 
(nos. 3 and 4) were judged to be identical at birth and 
were routinely misteken for each other by teachers and 
acquaintances into their mid-twenties. We confirmed 
their monozygosity with a panel of 21 informative poly- 
morphisms of serum. proteins, red cell antigens and en- 
zymes. These data, when used to calculate the probabil- 
ity that they are manozygous, give a result >99.99%,!” 
The proband (no. 31 in this family had significant left 
ventricular outflow tract obstruction and underwent left 
ventricular myotomy and myectomy for related symp- 
toms resistant to medication. The proband’s co-twin 
(no. 4) did not have HC by the echocardiogram, 12- 
lead electrocardiogram or signal-averaged electrocar- 
diogram. The mother of the twins had HC as deter- 
mined by an abnormal echocardiogram, 12-lead electro- 
cardiogram and cardiac catheterization. The unaffected 
co-twin was therefore an obligate carrier of the HC 
gene. 

Family 2129 (Figure 1): The proband’s (no. 3) fa- 
ther (no. 1) died suddenly at age 35 with autopsy- 
proved HC. Two of his children (nos. 4 and 5) had 
echocardiographic firdings of HC and died suddenly at 
age 16 and 22 years. respectively. The proband had a 
normal echocardiogrem and 12-lead electrocardiogram. 
Several episodes of nonsustained monomorphic ventric- 
ular tachycardia (up to 15 beats, rate 160 beats/min) 
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FIGURE 2. Norma! 12-lead electrocardiogram in an obligate carrier of the hypertrophic cardiomyopathy gene (family 2006, no. 
18). The patient had a normal echocardiogram but signal averaging showed presence of late potentials. 
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were documented by 48-hour Holter monitoring. Owing 


to several syncopal episodes, the proband underwent an 
electrophysiologic study; a sustained ventricular techy- 
cardia was induced with 2 premature extrastimuli intro- 
duced at the right ventricular apical site following an 8- 
teat ventricular drive at a cycle length of 500 ms. This 
finding was regardec. as abnormal. Although the pro- 
tand is not strictly an obligate carrier of the HC gene 
(her young children have not been diagnosed with HC), 


ii is highly likely that she carries the HC gene. Similar: 


to the 3 patients mentioned, she demonstrated a disso- 
ciation of the morphalogic abnormality from the electri- 
cal abnormality in familial HC. 


DISCUSSION 
The 4 pedigrees described demonstrate several 
points. The first 3 examples definitely identify obligate 


carriers of the HC gene who had no echocardiographic 
-evidence of HC; the fourth pedigree is very likely znoth- 


ar example, but the evicence cannot be considerec defi- 
aite. Thus, subjects may carry the gene but present no 
2vidence of ventricular hypertrophy. Four subjects (in 3 
families) who are obligate carriers of the gene and who 
have no echocardiographic evidence of left ventricular 
hypertrophy (family 2006, nos. 3 and 6; family 2124, 
no. 1; and family 2129, no. 3) have evidence of an elec- 


` 
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trical abnormality of the myocardium. This was detect- - 
ed by signal-averaged electrocardiography in 3 of the 4 
subjects. The fourth subject (no. 3 in family 2129) had 
ventricular tachycardia on Holter monitoring and in- 
ducible ventricular tachycardia at electrophysiologic ` 
study. Thus, the evidence is compelling that electrical 
abnormalities can be the sole clinical manifestation of 
HC; i.e., electrical abnormalities can be dissociated 
from the ventricular dysmorphology of HC as detected 
by M-mode and 2-dimensional echocardiography. . 
The dissociation of electrical abnormalities from 
what has become the prerequisite feature of the disease, 
namely, echocardiograrhically deteczed left ventricular 
hypertrophy, has implications for both the clinical 
spectrum and the genetic transmission of the disease. 
Whereas HC is characterized by left ventricular hyper- 
trophy with or without electrical abrormaility, our find- 
ings indicate that carriers of the HC gene fall into | of 
4 categories. At the mildest extreme, the carrier may 
have no detectable echocardiogrephic or electrical. ab- 
normality. The unaffected identical twin in family 2817 ° 
is such an example. At the other extreme, patients may 
have both left ventricular hyper-roshy and malignant 
ventricular arrhythmias. The other 2 categories would 
consist of patients who have either left ventricular hy- 
pertrophy or myocardial electrical abnormality. This 
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FIGURE 3. Abnormal signal-averaged electrocardiogram in an obligate carrier of the hypertrophic cardiomyopathy gene (family 
2006, no. 18) who had no evidence of left ventricular hypertrophy by echocardiography. DUR = duration; IN = interval; LAS = 


low-amplitude signais; MN = mean; RMS = root mean square. 
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study identifies 4 persons in 3 families who have evi- 
dence only of myocardial electrical abnormality in the 
absence of ventricular hypertrophy. We believe that this 
may represent a form of HC with electrical dysfunction 
only. Definitive proof will require the use of molecular 
markers for HC. Such markers are currently being de- 
veloped.'? Given the complexity of HC, it is clear why 
some instances of HC judged to be sporadic on the basis 
of unaffected parents may in fact be familial. 

The diverse presentations of our patients demon- 
strate that the gene for HC is an example of a pleiotro- 
pic gene in that it has the ability to produce multiple 


phenotypic or clinical effects. Genetic disorders com- ` 


monly demonstrate pleiotropy, and examples of such 
diseases affecting the cardiovascular system include the 
Marfan syndrome, Duchenne’s muscular dystrophy and 
myotonic dystrophy. 

The gene for HC also has autosomal dominant 
transmission with incomplete penetrance. Thus, there 
are obligate carriers of the gene who show no detectable 
features of HC. The unaffected twin is such an exam- 
ple. Although there is no good explanation for incom- 
plete penetrance, there are other reports of discordance 
for a genetically determined trait in identical twins.!? 
Concepts such as germinal mosaicism,” a “two hit” 
process,*! or genetic imprinting’? have been offered as 
possible explanations in some instances. 

Our findings have important implications for clinical 
management, genetic counseling and gene studies. We 
believe that subjects with a family history of HC should 
be screened for electrocardiographic abnormalities and 
arrhythmias as well as for left ventricular hypertrophy. 
Those showing electrical abnormalities without left ven- 
tricular hypertrophy may still carry the gene for HC. 
Members of families affected with HC who seek genetic 
counseling must be made aware that generational skips 
have been documented and that absence of left ventric- 
ular hypertrophy does not insure taat the progeny will 
be unaffected. Finally, owing to the critical importance 
of disease assignment (phenotyping) in gene mapping, 
any prospective marker must be evaluated critically and 
corroborated in a number of families by several investi- 
gators in the field. 
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One Heart, Two Bodies: Insight from the 
_ Transplanted Heart and Its 
New Electrocardiogram 


Samuel M. Butman, MD, Brendan Phibbs, MD, Joan Wild, CCTC, 
and Jack G. Copeland, MD 


Cardiac transplantation provides a unique opportu- 


nity to record the electric field generated by a hu- 
man heart in a new somatic environment. By exam- 
ining pre- and posttransplantation electrocardio- 
grams (ECGs), it is possible to address questiens 
on the effect of rotation of the heart on its long axis 
on the surface ECG, the effect of thoracic anatomy 
on ECG voltage and predisposing factors for con- 
duction defects observed after transplant surgery. 
To examine these questions, we reviewed a series 
of 35 matched donor and recipient ECGs. There 
were no differences in the mean height of the do- 
nors and recipients, but age, weight and body sur- 
face area were higher in the recipients (p <0.025), 
We found no significant differences in the mean 
heart rate or precordia! voltage but the PR and QT 
intervals were shorter ‘p <0.025), and the precor- 
dial transitional zone was more to the left after 
transplantation (p <0.0005). New evidence cf right 
bundle branch delay was found in 11 recipients and 
this was not related to pretransplantation hemody- 
namic factors or the period of ischemic arrest. 
Thus, there is indeed an anatomic basis for the 
ECG determinatien of clockwise rotation of the 
heart when the precordial transition zone is to the 
left. Age and body habitus, per se, do not appear to 
affect precordial voltage and evidence of right bun- 
die delay in the transplant recipient appears to be 
related to the altered position of the heart and not 
to injury or changes in right ventricular hemody- 
namics. l 
. (Am J Cardiol 1990;66:632-635. 
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W TJith refinements in surgical techniques and bet- 
W ter immunosuppression, successful transplan- 
tation of a human heart has become widely 

accepted and available.! The scalar 12-lead electrocar- 
diogram (ECG) exhibits many changes after implanta- 
tion of the new heart, most notably those related to elec- 
trical activity of the recipient atria, and has been used 
as a guide to the detection of graft rejection and silent 
myocardial infarction after transplantation.? While the 
electrophysiologic characteristics of the transplanted 
human heart have been well described, no systematic 
study of the change ir. the donor heart’s ECG has been 
made after transplantation into the recipient.? Cardiac 
transplantation provides a unique opportunity to record 
the electric field generated by a human heart in a new 
somatic environment. By observing pre- and posttrans- 
plantation ECGs, it is possible to address several ques- 
tions of theoretical and practical significance, such as 
the following: the effect of rotation of the. heart on its 
long axis on the surface ECG; the effect of thoracic 
anatomy on ECG voltage; and the possible predisposing 
factors for.conduction defects commonly observed after 


- transplant surgery. To examine these questions, we re- 


viewed a series of matched donor and recipient ECGs, 
to evaluate a single human heart in 2 different living 
human hosts. 


METHODS 

We reviewed the files of 75 transplant récipients 
alive for.21 year far good quality donor and recipient 
12-lead ECGs. Thirty-five donor ECGs, within 48 hours 
of donor heart ha-vesting, and 35 paired recipient 
ECGs, within 90 deys (76 + 20 days) of transplanta- 
tion, were identified. Demographic data, as well as pre- 
operative pulmonary pressures and pulmonary vascular 
resistance of the recipients, were also recorded. _ 

Electrocardiographic analysis: The donor and recip- 
ient ECGs were reed blinded to the age, sex and other 
clinical data.4 Conduction intervals were measured in 
the limb leads with similar leads used for both donor 
and paired recipients. The precordial transition zone 
was defined as the lead with the most equal deflections 
of R and S waves. Each of the 6 precordial leads was 
given a score of 10 and a position midway between the 
leads was scored as 5. Thus, a transition between V> 
and V3 was scored as 25. Precordial voltage was mea- 
sured by adding the deflection of the S wave in V; and 
the R wave in V; in millimeters. Right bundle branch 
block was defined as a QRS width of 120 ms or more, 
an RsR’ complex in V, and a prominent S wave in V6. 


TABLE ! Demographic Data for Matched Donors and 
Recipients 


Donor Recipient 


Mean (SD) 


32/3 
46 (12)* 
174 (11) 


Mean (SD) 


Sex (M/F) 
Age (yrs) 
Height (cm) 
Weight (kg) 65 (13) 71 (15% 

BSA (m?) 1.74 (0.22) 1.84 (0.25) 


* p <0.0005; ! p <0.005: # p <0.025. 


25/10 
22 (7) 
171 (10) 


An incomplete right bundle branch block was defined as 
before with a QRS interval <120 ms. Precordial voltage 
and transition zones were not calculated in the presence 
of right bundle branch delay. When serial donor ECGs 
were available, they were examined for reproducible 


precordial lead positioning and voltage and excluded if 
significant variability was evident. Posttransplant recipi-. 


ent ECGs were only used if there were no significant 
axis or voltage changes over a 6-month period of time. 
Statistical analysis: The data are expressed as 
means with standard deviations. Groups were compared 
using a 3-tailed Student ¢ test or chi-square analysis. 


RESULTS 

After screening the ECGs, 35 paired 12-lead scalar 
ECGs were available for analysis. The demographic 
data for recipient and donor hosts are listed in Table I. 
The mean standard electrocardiographic intervals for 
the donors and their matched recipients are listed in Ta- 
ble II. There was no significant difference in the mean 
heart rate or precordial voltage, but significant differ- 
ences were found in the PR, QRS and QT intervals (p 
<0.05). The precordial transition zone was more left- 
ward (36 [9] vs 30 [9], p <0.0005) compatible with 
clockwise rotation or a more posterior orientation of the 
transplanted heart. 

There were 9 recipients with new incomplete right 
bundle branch block and 2 with complete right bundle 
branch block. The mean ischemic time, pulmonary arte- 
rial pressure and pulmonary vascular resistance were 
not significantly different in recipients with this conduc- 
tion disturbance, when compared to those with a normal 
QRS (Table III). 


DISCUSSION 

The ECGs of 2 hearts in 1 chest as in heterotopic 
heart transplantation has been described.’ This is the 
first attempt to investigate some commonly used ECG 


TABLE Ill New Right Bundle Branch Delay After Transplantation 
Bundle Branch Delay (n = 11) 


Mean (SD) 


163 (38) 
26 (13) 


Ischemic time (min) 

Mean recipient pulmonary 
pressure (mm Hg) 

Mean recipient pulmonary 
arterial resistance (Wood units) 


2.5 (1.2) 





TABLE ll Scalar Electrocardiographic Measurements in 
Donor and Recipient Hosts 


Donor Recipient 


Mean (SD) 


105 (17) 

138 (17)* 
87 (12) 

338 (32)* 
51 (33)t 


Mean (SD) 


Heart rate (beats /min) 105 (24) 
147 (120) 
83 (11) 
362 (49) 
63 (22) 

30 (9) 36 (9)8 
24 (9) 25 (10) 
Calculation of the mean trensition zone and precordial voltage is described in 


Methods section. 
* p <0.025; f p <0.05; t p <0-01; § p <0.0005. 


PR interval (ms) 

QRS interval (ms) 

QT interval (ms) 

QRS axis (degrees) 
Transition zone 
Voltage (SV, + RVs mm) 


anatomic criteria by analyzing ECG changes resulting 
after the transfer of a human heart to a second host. 
Electrocardiographic criteria for clockwise rotation: 
Wilson and Goldberger proposed that rotation of the 
heart on its long azis is the basis for certain ECG 
changes, principally movement of the “null point” on 
the precordial leads to the left or right. This concept 
was hotly disputed and to this day has remained moot.’ 
However, a transplarted heart is demonstrably rotated 
on its long axis after aortic and pulmonary anastamoses 
have been completed and this position is maintained be- 
cause of the large mediastinal space that remains after 
the diseased heart has. been excised. Chest radiography, 
as well as annual left ventriculography, also have con- 
firmed this clockwise rotation.2” Rotation of the heart 
has been difficult to evaluate experimentally, although 
an elaborate model was reported using a perfused ca- 
nine heart immersed im an electrolyte-filled human tor- 
so.!° Thus, in contrast to the contrived postmortem 
preparation of Grant’ and the aforementioned prepara- 
tion, a true living human model of an incontrovertibly 
rotated heart is available. Over the normal heart, the R 
wave becomes taller and the S wave smaller as the elec- 
trode is. moved from right to left across the chest. The 
transitional zone, the precordial area where the QRS is 
equiphasic, usually occurs at V3, V4 or in between. 
There was a highly significant leftward precordial shift 
in the transition zone :n our transplant recipients (Fig- 
ure 1), confirming that ECG criteria for clockwise rota- 
tion do have a true anatomic basis. Similarly, the fron- 
tal plane axis was significantly more horizontal, as ex- 
pected from the position of the heart in its new host. 
Voltage criteria for left ventricular hypertrophy in 
the young: Voltage remains the most important element 
in the diagnosis of left ventricular hypertrophy, but age 


No Bundle Branch Delay (n = 24) 


Mean (SD) 


154 (58) 
28 (8) 


2.4(1.5) 
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has been a substantial confounding factor.!! Thus, nor- 
mal limits for voltage diminish with age.!!!* No con- 
vincing explanation fcr this phenomenon has been forth- 
coming, but such variables as body size, thinner chest 
walls or other differences in habitus have been suggest- 
ed to explain the increased voltages seen in younger sub- 
jects. The specificity of voltage criteria for left ventricu- 
lar hypertrophy in adults is also affected by body habi- 
tus and complicating illnesses such as lung disease and 
pleural or pericardizl effusions. We have found that 
when the hearts of younger patients are transplanted to 
older, larger recipients, the anticipated change in volt- 
age is not seen. This would suggest that neither body 
size nor habitus and age, per se, are related to this ECG 
observation. 
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Right bundle branch delay after cardiac transplan- 
tation: Right bundle branch block, frequently incom- 
plete, is not uncommon after successful cardiac trans- 
plantation (Figure 2). No adverse effects on survival or 
cardiac function have ben reported. Possible explana- 
rions for this finding include an increased delay due to 
myocardial hypertrophy. right ventricular strain due to 
Dreexistent pulmonary Lypertension in the recipient, or 
njury of the bundle durng myocardial preservation and 
jandling. Because the -ight bundle branch may more 
readily manifest relatively minor injury from ischemia, 
it is reasonable to suggest that right bundle branch 
block is a manifestatior of the latter minor injury dur- 
ing harvesting of the dcnor heart. However, we did not 
find this to be so. Furthermore, there were no statisti- 


FIGURE 1. A, this 12-lead donor scalar 
elect~ocardiogram was obtained 24 hours 
before transplantation. 8, the 12-lead 
elect-ocardiogram in the recipient 1 week 
after transplantation exhibits no signifi- 
cant change in precordial voltage, but a 
leftv.ard shift in the transition zone and a 
more horizontal frontal plane axis is evi- 
dent. Nonspecific T waves are also appar- 
ent. 


cally significant differences in pulmonary vascular resis- 
tance between patients with and those without right 
bundle branch blcck, as previously reported.!3 After 
cardiac surgery, right bundle branch delay is the most 
“common conduction defect encountered, more common 
with valve than coronary bypass surgery, suggesting 
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FIGURE 2. Top, this 12-lead scalar electrocardiogram was 
obtained 6 hours before transplantation, There is no evidence 
of intraventricular conduction delay. Bottom, the electrocar- 
diogram in the transplant recipient now has evidence of new 
right bundle branch delay. 











that local injury is the mechanism involved.'* Trans- 
plant recipients have a more posteriorly or clockwise ro- 
tated heart than recipients without this finding and the 
presence of right bundle branch delay may actuaily re- 


‘flect this abnormal cardiac position, as suggested by 


early experiments and recent studies.®!3 

Possible study limitations: While the same heart’s 
ECG was recorded in 2 hosts and obvious changes in- 
cluding age, body size and sex have been tested, other 
differences between the hosts such as heightened auto- 
nomic tone and the effects of brain injury and death on 
the donor’s heart and ECG, as well as denervation in 
the recipient, may also have affected various ECG in- 
tervals. Differences in cardiac volume affected by blood 
pressure and volume status have affected precordial 
voltage in various experimental studies, with precordial 
voltage and cardiac vo.ume being inversely related; this 
may have had an influence on our findings. Immune 
activation in the recipient could result in changes in 
myocyte function and possibly ECG voltage as could 
significant pericardial effusions. We avoided ECGs dur- 
ing or soon after acute rejection episodes and it is un- 
likely that significant amounts of pericardial fluid were 
present in these stable patients >2 months postopera- 
tively. 
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CARDIOVASCULAE PHARMACOLOGY 


Effects of Bepridil and CERM 4205 (ORG 
30701) on the Relation Between Cardiac Cycle ` 
Length and QT Duration in Healthy Volunteers 


Brigitte Lesocq, MD, Vincent Lecocq, MD, Pierre-Louis Prost, MD, Odile Fleurot, MD, 
Pierre Boisson, MD, and Paes Jaillon, MD 


Bepridil is a calciam antagonist that prolongs the 


duration of ventricular repolarization; whereas 
CERM 4205, ancther calcium antagonist, seems to 
be devoid of any 2ffect on QT interval. The aim of 
this study was to compare the effects of bepridil 
and CERM 4205 on the QT-RR relation at different 
heart rates during rest and exercise and the results 
of pharmacologic tests designed to vary neurovege- 
tative tone. Twelwe healthy men (21 to 37 years) 
participated in a placebo-controlled, randomized, 
crossover, doubk-blind study and received either 
bepridil (200 mg/day twice daily) or CERM 4205 
(200 mg/day tw ce daily), or matching placebo dur- 
ing three 14-day treatment periods at 2-week in- 
tervals. Bepridil. but not CERM 4205, caused.a 
significant prolongation of resting QT interval. The 
RR-QT relation was monoexponential for ali sub- 
jects during resting and exercising physiologic con- 


ditions and remained unchanged after 14 days with | 


placebo or CERM 4205. Bepridil significantly shift- 
ed the relation upward, resulting in a rate-depen- 
dent QT prolongation that predominated during 
bradycardia. After isoprenaline, QT no longer © 
adapted to charges in heart rate, whereas atropine 
resulted in a raie-dependent shortening in QT. 
These results suggest that bepridil and CERM 
4205 exert difterent effects on ventricular repolar- 
ization, since only bepridil significantly pralonged 
QT duration. Bzpridil-induced prolongation of QT 
increased at slow heart rates, which could explain 
the greater incidence of torsades de pointes i in 
bradycardia. 

(Am J Cardiol 1990;66:636-641) 
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nyl -N- (phenylmethyl)- -1-pyrrolidine-ethanamine 
monohydrochloride monohydrate), is a calcium 
entry blocker used as an antianginal agent.' Besides its 
vasodilating properties, bepridil has been demonstrated 
to be an effective antiarrhythmic agent.* By prolonging 
the duration of ventricular repolarization (QT interval 
on the surface electrocardiogram),*~> bepridil poses the 
risk of torsades de pointes.°-?7 CERM 4205* (1[(1-pro- 
pynyl) cyclohexyloxyl] -2-(1-pyrrolidinyl)- 3[(2-methyl)- 
propoxy] propane hydrochloride) is another calcium an- 
tagonist that does noz modify the duration of ventricular 
repolarization.® 
The functional dependence of QT interval on the 
cardiac cycle lengtk (RR interval) has recently been 
best described by an exponential formula, for a wide 
range of physiologic heart rates.?-!! Furthermore, QT 
interval duration may also be altered by autonomic ner- 
vous system modifications; we previously showed that 
the physiologic adaptation of QT duration to cardiac 
cycle length was mainly under parasympathetic con- 
trol.!° Therefore, it is of interest to study whether the 
lengthening in QT curing bepridil or CERM 4205 ther- 
apy is influenced by heart rate. This study compares the 
effects of bepridil and CERM 4205 on the QT-RR rela- 
tion.at different heért rates during rest and exercise and 


Bes (8- [(2-methylpropoxy) methyl] - N -phe- 


the consequences of pharmacologic tests designed to « 


vary neurovegetative tone in healthy volunteers. 


METHODS 

Patients: Twelve healthy male volunteers, mean age 
27 years (range 21 to 37), participated in this study 
after screening by history, physical examination, 12- 
lead electrocardiogram, and routine laboratory tests of 
hematology and serum biochemistry to ensure good 
health. No subject had been taking any medication for 
1 month before the study. This study was approved by 
the Ethical Review Committee of Saint-Antoine Uni- 
versity Hospital and each subject gave informed written 
consent. 

Study design: This study was a randomized, double- 
blind, 3-way crossover comparison involving three 14- 
day periods of treatment, each performed at least 2 
weeks apart. Film--coated tablets of either CERM 4205 
(200 mg/day twice daily), bepridil (200 mg/day twice 


© *CERM 4205 or ORG 30701. 


daily) or matching placebo (twice daily) were orally ad- 
ministered from days 1 to 14 of each treatment period. 
_ Heart rate, systolic and diastolic blood pressure and 

electrocardiographic intervals (PR, QRS and QT) were 
“measured at rest, on day 0 (control period, before any 
drug administration), and on days 7, 14 and 15 (12 
hours after the last drug administration) at minimum 
drug plasma concentration, just before the morning ad- 
ministration of the medication. 

The QT-RR relations were studied on day 0 before 
the first dose and on the last day (day 15, 12 hours after 
the last dose) of each period. For these QT-RR relation 
studies, the subjects came to the Clinical Pharmacology 
Unit at Saint-Antoine hospital in the morning after hav- 
ing had breakfast with no tea or coffee and not having 
smoked for the last 12 hours. An indwelling catheter 
was inserted into an antecubital vein and normal saline 
solution was used to keep the catheter patent for 8 
hours. Before the start of the study, a 12-lead electro- 
cardiogram was recorded and blood pressure and heart 
rate were automatically measured (Dynamap, Riom 
Laboratories CERM, Saint-Denis, France). Then the 
QT-RR relation was studied during 2-hour supine rest, 
followed by a dynamic exercise test on a bicycle ergom- 
eter during which the work load was increased by 20 
watts every minute until the subject reached the maxi- 
mal theoretical heart rate for age. After 30 minutes rest 
postexercise, incremental intravenous bolus doses of iso- 
proterenol (0.2 to 12.8 ug) were administered to each 
subject at 25-minute intervals. This 6-adrenergic stim- 
ulation was repeated 0.5 hour after an intravenous in- 
jection of atropine sulphate (0.04 mg/kg). 

Drug plasma concentrations were measured on day 
0 before any drug administration, and on days 7, 9, 11, 
14 and 15 (12 hours after the last drug administration) 
before morning dosing in order to determine minimal 
plasma drug concentration. 

To study the relation between changes in QT inter- 
val duration and plasma levels of drugs, resting electro- 
cardiograms were recorded and plasma samples were 
' simultaneously collected on day 14 at tg (before admin- 
istration) and 0.25, 0.5, 1, 2, and 3 hours after dosing. 


QT (ms) 
450 








TABLE I Resting Carciovascular Parameters on Days 0 and 
15 of Each of the Three Treatment Periods 


CERM 4205 


6849 
7248 
160 + 20 
160+ 20 
100 + 10 
100+ 10 
390 + 20 
390 + 30 
117+10 
1158 
678 
65411 


Placebo 


Bepridil 


71410 

75411 
160 + 20 
170 4 30 
100 + 10 
100 + 10 
390 + 20 
390 + 30 
11647 
11549 


Heart rate DO 
(beats/min) D15 
PR interval 
{ms} 
QRS interval 
(ms) 
QT interval 
(ms) 
Systolic blood 
pressure (mm Hg) 
Diastolic blood 
pressure (mm Hg) 


69+8 

67+8 
170+ 20 
170+20 
100+ 10 
100+ 20 
400 + 30 
450 + 30* 
11936 
116+7 

67 +9 66+ 8 

DIS 6/48 6528 
* p <0.05 compared with value during bepridil control period. 


Values are expressed as mean + standard deviation (n = 12). 
D = day. 


Assay method: Beoridil and CERM 4205 were as- 
sayed in plasma by gas chromatography. The assay 
method for bepridil has previously been published.!2 For 
CERM 4205, the assay procedure included n-hexane 
extraction from plasma and gas chromatography with 
nitrogen selective detection. An analog of CERM 4205 
was used as internal standard. The coefficient of varia- 
tion of the assay was 10% at low concentrations (5 to 
100 ng - mi~!) and equal to 3% at higher concentrations 
(500 to 1,000 ng - mi~). The sensitivity of the method 
was | ng - mi~! of plasma. 

Electrocardiographic recordings: For the QT-RR 
relation studies, electrccardiograms were recorded at a 
paper speed of 50 mm,s (with a calibration of 20 mm/ 
mV) over 5 consecutive beats at 15-minute intervals 
during 2 hours of rest (including forced inspiration and 
expiration, which were 2ontinuously recorded), and dur- 
ing the last 15 seconds of each exercise work load step. 
After pharmacologic interventions, electrocardiograms 
were recorded continuously from 15 to 60 seconds after 
each isoproterenol bolus intravenous injection, and over 
5 consecutive beats at different times up to 30 minutes 
after the atropine injec-ion. QT and preceding RR in- 
tervals were measured blindly in lead II by a single ob- 


+ placebo 


©  bepridil 
© carm 4205 


FIGURE 1. Changes in measured resting 
QT intervals over time during the 3 treat- 
ment periods (n = 12, mean + standard 
deviation). *p <0.05 compared with val- 
ues during bepridil contro! period. 
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TABLE Il Comparec Mean Regression Parameters of Individual Exponential Equations QT = A-- B- Exp(--k- 10-3 - RR) Between 
Days 0 and 15 During the Three Treatments 


Placebo 409 + 24. 900 + 200 
Bepridil 410+22 795+218 
CERM 4205 417+15 697 +150 


* p <0.05 compared with ~alues during bepridil control period. 


421 + 28 673 + 16% 
478 + 457 798 + 202 
423 +425 966+ 610 





Values are expressed as man = standard deviation (n = 12). 
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FIGURE 2. Effect: of the 3 treatments on the QT-RR relation 
in 1 representative: subject. 
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server using a digitizinz pad (Houston TM 17, precision 
+ 0.4 mm) interfaced with a Victer S1 microcomputer. 
The QT interval was measured from the initial down- 
ward deflection of the QRS complex to the end of the T 
wave determined by the criteria dzscribed by Lepesch- 
kin and Surawicz.!3 

Data analysis: The relations tetween QT and RR 
were studied separately for each subject using approxi- 
mately 200 individual data points obtained during rest 
and exercise recordings. Collected data points were fit- 
ted to the exponential equation QT = A — B- Exp (—k 
- RR), where A, B ard k are regression parameters by 
using a nonlinear regression analysis program, described 
previously by Sarma et al.? The individual equations 
thus obtained were compared by means of covariance 
analysis, which permi-ted comparison of control periods 
(day 0), determination of the effects of each treatment 
(comparison between day 0 and day 15), and compari- 
son of the effects of the different treatments (day 15). 
In addition, calculated QT values were derived from in- 
dividual nonlinear QT-RR relations for the following 
RR values: 500, 750, 1,000, 1,250 and 1,500 ms. These 
individual calculated QT values were averaged and the 
effects of treatments were compared by analysis of vari- 
ance. 

To assess the effects of the pharmacologic tests (iso- 
proterenol and/or atropine) on QT interval, all individ- 
ual QT data measured during ezch different test were 
pooled and averaged for the following measured RR in- 
terval values: 500 + 2, 550 + 2, 500 + 2, 650 + 2 and 
700 + 2 ms. Analysis of variance and paired ¢ tests were 
used to compare these mean measured QT values dur- 
ing the pharmacologiz tests before and after administra- 
tion of each of the 3 treatments. 

Statistical significance was defined as p <0.05. 


RESULTS 

Cardiovascular resting parameters: Heart rate, sys- 
tolic and diastolic slood pressure and electrocardio- 
graphic intervals (PR, QRS and QT) measured at rest 
did not significantly differ between the 3 control periods 
on day 0 (Table I). On day 15, after administration of 
bepridil and CERM 4205 for 2 weeks, heart rate and 
systolic and diastolic blood pressure were not signifi- 
cantly altered compared with placebo. The duration of 
PR and QRS intervels did not change significantly with 
any of the 3 treatmznts. QT interval duration was not 
altered after administration of placebo or CERM 4205 
compared with the control value (Table I). By contrast, 


te ee 


bepridil significantly lengthened QT. This effect was 
significant on day 7, and increased until day 15 (Figure 


1). These bepridil-induced changes in QT were not sig- 


nificantly correlated with bepridil plasma concentra- 
“tions. 

QT-RR relation: PHYSIOLOGIC QT-RR RELATION: QT in- 
terval duration and preceding cardiac cycle length (RR) 
were fitted in each subject to an exponential equation: 
QT = A — B- Exp (—k - RR} before and after each 
period of treatment (placebo, bepridil and CERM 
4205). Table II summarizes the mean regression pa- 
rameters of this equation during each control period 
(day 0) and after 15 days of each treatment (day 15). 
Covariance analysis showed that the values obtained for 
the 3 control periods were similar and that the individu- 
al QT-RR relation was stable over time. 

On day 15, the individual QT-RR relations re- 
mained monoexponential. We cbserved no significant 
change in QT adaptation to RR duration during either 
placebo or CERM. 4205. By contrast, the QT-RR rela- 
tion was significantly altered during the bepridil period, 
with an upward shift of the curve compared with the 
control period. Figure 2 illustrates these differences in 1 
representative subject. The asymptote A of the expo- 
nential equation, which may reflect a theoretical maxi- 
mal QT value, was significantly higher with bepridil 
than with placebo or CERM 4205 on day 15 (Table II). 

The drug-induced percent changes in calculated QT 
intervals for various cardiac cycle lengths are shown in 
Figure 3. Neither placebo nor CERM 4205 lengthened 
the QT interval at any heart rate while bepridil induced 
a significant prolongation in QT at RR intervals =750 
ms. This lengthening in QT was rate-dependent and in- 
creased when heart rate was slower since QT interval 
increased by 10 + 4% at RR of 750 ms, 12 + 6% at RR 

of 1,000 ms, 14 + 8% at RR of 1,250 ms and bane 
at RR of 1,500 ms (p <0.05). 


C] PLACEBO 
Á BEPRIDIL 
A CERM 4205 


* p< 0.0001 


1000 
RR (ms) 


1250 1500 


FIGURE 3. Mean percent changes in calculated QT intervals 
compared with control values during each of the 3 treatments 
(n = 12, mean + standard error of the mean). 





Effects of pharmacologic tests: Pharmacologic tests 
including §-adrenzrgic stimulation (isoproterenol), 
parasympathetic blockade (atropine) and -adrenergic 
stimulation under parasympathetic blockade were per- 


-formed before (day 0) and after (day 15) each treat- 


ment period. 

On day 0, before any drug administration, incremen- 
tal intravenous bolus doses of isoproterenol resulted in a 
shortening in RR intervals but, in response to this iso- 
proterenol induced-tachycardia, QT did not decrease to 
the same extent as was the case during exercise-induced 
tachycardia. During bepridil, similar results were ob- 
tained; however, at RR values <600 ms, isoproterenol 


QT (ms) = exercis control 
450 , “> isoproterenol contro! 
=- exercise bepridil 
@- isoproterenol bepridil 


exercise control 
atropine contro! 
. exercise bepridi 
atropine bepridil 


QT (ms) 


-e exercise Cntro! 
~~ atropine+Boprotereno! control 
450 ~m- exercise bepridil 
~@~ atropine+Soproterenol bepridil 





FIGURE 4. Effects of pharmacologic interventions (broken 
line) on the measured QT versus RR relation compared with 
physiologic situation (exercise) (solid line) before (open cir- 
cles) and after (closed circles) bepridil (mean + standard devi- 
ation). Top panel, 8-adrenergic stimulation (isoproterenol); 
middle panel, parasympathetic blockade (atropine); bottom 
panel, 8-adrenergic stimulation after parasympathetic 
blockade {isoproterenol — atropine). 
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suppressed bepridil-ir duced prolongation of QT (Figure 
4, upper panel). After atropine IV injection, before and 
after bepridil administration, the adaptation of QT in- 
terval to sinus cycle Ength was similar to that obtained 
during exercise (Figure 4, middle panel). When the iso- 
proterenol test was performed after atropine injection, 
before and after bep-idil administration, the QT edap- 
tion to the tachycarcia induced by isoprenaline and at- 
ropine did not significantly differ from the QT-RR ad- 
aptation during exervise (Figure 4, lower panel). 

Neither placebo nor CERM 4205 significantly 
changed the effects af atropine and/or isoproterenol on 
QT interval compared with the predrug period. 

Plasma levels of bepridil and CERM 4205: Changes 
in mean minimal slasma concentrations of C2RM 
4205 and bepridil over time are shown in Figtre 5. 
Steady state of plasma concentrations were reached by 
the seventh day of treatment for both drugs, and mini- 
mal plasma concentrations (12 hours after dosing) aver- 
aged 600 + 260 ng- ml”! for bepridil and 58 + 35 ng - 
ml~! for CERM 4295. 


DISCUSSION 

' The results of this study in healthy volunteers. have 
shown that bepridil did not alter resting heart rate and 
blood pressure, exer-ed no effect on PR and QRS inter- 
vals, but caused a s gnificant prolongation of QT inter- 
val. This increase was the most on day 15 and was not 
correlated with the ncrease in plasma concentrations of 
the compound noted between days 0 and 15. CERM 
4205 had no effect an heart rate, blood pressure or elec- 
trocardiographic intervals. The adaptation of QT to the 
preceding cardiac cycle length was of a monoexponen- 
tial type for all sub-ects in physiologic conditions of rest 
and exercise. This -elation was stable over time within 
the 3 control periocs and remained exponential acter 14 
days of treatment with placebo, bepridil or CERM 
4205 treatment. CERM 4205 did not alter the OT-RR 
relation. However, 2epridil induced a rate-dependent in- 
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FIGURE 5. Changes.in mean plasma concentrations of CERM 


4205 and bepridil over time (n = 12, mean + standard error 
of the mean). 
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crease in QT interval, end the individual exponentials 
calculated on day 15 of the bepridil period differed from 
-hose of the control perimds. 

After -adrenergic stimulation with isoprenaline,_ 
‘JT no longer adapted -o changes ir. heart rate. After 
atropine, the tachycardia induced by -he vagolytic effect 
{id cause physiologic adaptation of QT and, after subse- 
juent 6-adrenergic stimulation, QT adpated to changes 
-n heart rate. Placebo ard CERM 4295 did not alter the 
changes in QT inducec by atropine and isoprenaline. 
However, with bepridil, QT was significantly more pro- 
longed than it was with the 2 other -reatments for suc- 
cessive doses of isopreraline before and after atropine 
administration. 

The results of this study, showing that bepridil did 
not affect either PR or JRS but sigrificantly prolonged 
QT interval, are in agreement with other studies in 
healthy volunteers* or -n patients.!4-!© None of these 
studies has been able tə demonstrate a plasma concen- 
tration-effect relation.*~® In this study, minimal plasma 
levels were about 10 times greater for bepridil than for 
CERM 4205. These results are consistent with previous 
pharmacokinetic studies of both drags, and the differ- 
ence in plasma levels zan be expla:ned mainly by the 
fact that bepridil, wita a 5 times longer elimination 
half-life than CERM 4205, accumulates in the body 
much more than CERM 4205 does. However the 200 
mg twice-daily dosing regimen of bepridil has been 
demonstrated to be efective in patients with angina 
pectoris!” and preliminary results with CERM 4205 
have shown that this dosage was efective in the same 
population of patients (data on file, Organon Labora- 
tory). 

In addition to its action on the calcium current,!8-19 
bepridil has been shown to exert an inhibitory effect on 
the fast sodium chanael (a class 1| antiarrhythmic ef- 
fect). Furthermore, bepridil has been shown to de- 
crease the potassium cutward current,?! which is likely 
to explain the delay in ventricular repolarization. These 
latter 2 properties, adced to the bradycardiac effect, ac- 
count for the role of bepridil in the genesis of torsades 
de pointes.” Leclercq et alé showed that in all cases of 
bepridil-induced torsades de pointes, sinus bradycardia 
was present. For the purpose of evaluating and monitor- 
ing the effects of drugs on ventricular repolarization, 
cardiologists and pharmacologists need a way of de- 
scribing the relation between cardiac cycle length and 
the duration of ventricular repolarization, i.e., a theoret- 
ical normal QT for every value of RR. To date, the 
current methods of correcting QT according to heart 
rate are inadequate aid may lead to a false interpreta- 
tion of the effects of drugs that simultaneously alter 
heart rate and ventricular repolarization.” Recently, an 
exponential model hes been demonstrated to best de- 
scribe the individual -elation between QT and RR.?!! 
The calculation of QT using individual exponential 
equations before anc after treatment permits one to 
study the effects of drugs by comzaring the calculated 
QT values for various RR intervals between treatments. 
No study to date has investigated the effects of bepridil 


~ 


on QT interval over a wide range of physiologic heart 
rates. Our results show that bepridil, by lengthening 
QT, altered the physiologic relation between QT and 
RR, whereas this relation remained unchanged during 
“the 2 weeks after treatment with CERM 4205. During 
exercise, tachycardia caused a shortening in QT and the 
effects of bepridil were no longer apparent. However, 
when heart rate decreased, the RR interval increased 
and the QT lengthening due to bepridil increased. These 
results are consistent with other studies that have al- 
ready demonstrated the rate dependence of the length- 
ening in action potential duration for class III antiar- 
rhythmic drugs like quinidine”? and sotalol.4 The pro- 
longation of action potential duration with such drugs 
could be observed ai all stimulation frequencies but the 
effects increased at low stimulation rates. These results 
correspond to a reverse use dependence compared with 
the action of antiarrhythmic drugs operating on the so- 
dium and calcium channels (class I and IV) whose ef- 
fects are enhanced at increasing stimulation rates. One 
hypothesis, concerning the ionic mechanisms that could 
explain such a rate dependence of class II antiarrhyth- 
mic effects, has been proposed by Hafner et al.*4 For 
potassium channels, in contrast to sodium and calcium 
channels, it is not the frequency of channel activations 
that may determine use dependence but rather the inte- 
gral open time, which is strongly controlled by action 
potential duration. Long action potentials involve a 
higher probability for the drug to operate on activated 
channels. Because action potentials are prolonged by re- 
ducing stimulation frequency, the effects of these drugs 
should be enhanced under these conditions. These find- 
ings may explain the occurrence of torsades de pointes, 
since, in the presence of bradycardia, QT lengthening 
during bepridil treatment is increased. 

Beta-adrenergic stimulation neither shortened nor 
lengthened QT when RR decreased. This finding con- 
firms that of our earlier study!° but contradicts the re- 
sults of Kawataki et al*° who reported that, after iso- 


_prenaline at the dose of 0.4 wg/min, QT shortening fol- 


lowed that of RR to an even greater degree than during 
exercise. However, Abildskov”® showed that rapid injec- 
tions of catecholamines in the anesthetized dog resulted 
in QT prolongation, whereas slow infusions shortened 
QT. In our study, however, isoprenaline, when it in- 
duced tachycardia >100 beats/min, caused QT short- 
ening, even during bepridil treatment. On the other 
hand, the vagolytic effects of atropine resulted in a 
greater shortening of QT even during bepridil treat- 
ment. These findings show that the administration of 
isoprenaline to suppress bepridil-induced sinus brady- 
cardia needs a dosage high enough to cause a tachycar- 
dia of >100 beats/min to shorten QT interval. Atropine 
injection could be an alternative drug to prevent brady- 
cardia-induced torsades de pointes after bepridil admin- 
istration. 
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CDITORIAL 


Are Electrophysiologic Studies Indicated in 


Nonsustained Ventricular Tachycardia? 


Isaac Wiener, MD, Wiliam Stevenson, MD, James Weiss, MD, 
and Koonlawee Nadamanee, MD 


evaluation and treatment of patients with sus- 

tained ventricular arrhythmias. One randomized 
study has demonstrated the superiority of electrophysio- 
bbgically guided therapy to Holter guided therapy in 
these patients,’ and a second, larger, multicenter trial is 
underway.” As electrophysiologic Studies have become 
more widely available, increasing numbers of patients 
with nonsustained ventricular tachycardia (VT), a very 
common arrhythmia associated with sudden and non- 
sudden cardiac death,’ are being referred for invasive 
evaluation. This editorial will examine the usefulness of 
electrophysiologic studies in this group of patients. 

‘Table I lists the findings of studies that have report- 
ed the results of programmed stimulation in patients 
with nonsustained VT. These studies differ in (1) nature 
of underlying heart disease, (2) stimulation protocol, 
and (3) definition of a positive study. 

It is clear from Table I that patients without diag- 
nosable organic heart disease have a low rate of induc- 
“bility. Because of the favorable prognosis in this group, 
rlectrophysiologic studies are only rarely indicated. Pa- 
-ients with heart disease not related to coronary artery 
disease, particularly idiopathic cardiomyopathy, have an 
-ntermediate rate of inducibility. These patients have 
seen demonstrated to nave a propensity for sudden car- 
Jiac death that is not predicted by the response to pro- 
zrammed stimulation, and electrophysiologic s-udy is 
anlikely to be of major usefulness in this group.*!® Pa- 
cients with coronary artery disease, specifically those 
with impaired left ventricular function and azeas of 
akinesia /dyskinesia, have a higher rate of inducibility 
and are the most likely group to benefit from ‘electro- 
dhysiologic study. 

The ideal stimulation protocol for patients with non- 
sustained VT is unknown. Triple extrastimuli markedly 
nerease the yield of sustained VT,* suggesting that less 
aggressive protocols may misclassify patients. However, 
criple extrastimuli will inevitably lead to the induction 
of some arrhythmies that are not clinically relevant.!®!! 

As more aggressive stimulation protocols are used, 
2reater attention must be paid to the definition of a 
aositive study. Whereas the goal of electrophysiologic 
study in sustained VT is reproduction of the clinical ar- 
shythmia, the goal in patients with nonsustaired VT 
may be to expose a latent sustained arrhythmia. How- 


JE ciation ae studies are frequently used in the 
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ever, the definition of a positive study has not been uni- 
formly agreed upon. Induction of sustained monomor- 
phic VT has generally been considered a positive re- 
sponse. Whereas induction of sustained monomorphic 
VT indicates a substrate capable of maintaining an ar- 
rhythmia, it may not reliably indicate that the arrhyth- 
mia would occur clinically in this population. Induction 
of nonsustained polymorphic VT or ventricular fibrilla- 
tion has generally not been considered a positive re- 
sponse. Although these arrhythmias may represent a 
nonspecific response to aggressive stimulation,!®!! in 
some patients they may indicate a clinically relevant un- > 
stable tachycardia mechanism.'* The significance of in- 
duced monomorphic nonsustained VT is unclear. 

Table H lists studies that examined the role of pro- 
grammed stimulation in the clinica. management of pa- 
tients with nonsustained VT. These studies address 2 
distinct questions: (1) Can electrophysiologic studies se- 
lect a low-risk, noninducible group that does not require 
antiarrhythmic therapy? (2) Are electrophysiologic 
studies useful for selecting therapy in. inducible pa- 
tients? Gomes,!? Zheutlin,'* and their co-workers re- 
ported that inducible patients had z low risk of arrhyth- 
mic events. These studies are difficult to interpret be- 
cause they (1) included both patierts with nonsustained 
VT and complex ectopy, (2) included patients with a 
range of underlying heart disease including both normal 
hearts and idiopathic cardiomyopeéthy, and (3) used a 
relatively unaggressive stimulation protocol that un- 
doubtedly included patients in the noninducible group | 
who would be inducible with more aggressive protocols. 
Buxton,!> Klein and Machell,'!© Manolis and Estes,!? 
Hammill,'* and their co-workers studied more homog- 
enous populations of patients with coronary artery dis- 
ease with more aggressive stimulation protocols that in- 
cluded triple stimuli. However, differences exist be- 
tween these studies in: (1) definition of clinical nonsus- 
tained VT, (2) percentage of patients with presyncope 
or syncope, (3) stimulation protocol, and (4) definition 
of a positive study. Buxton, Klein, Manolis and their co- 
workers!5-17 suggest that patients with coronary artery 
disease who are noninducible do well without antiar- 
rhythmic therapy. Hammill et al,!* in the only prospec- 
tive study, did not confirm this firding. In addition, in 
the studies of Buxton, Klein, and Hammill,!5-17 some 
noninducible patients were treated with antiarrhythmic 
drugs. Further studies with larger numbers of patients 
and longer follow-ups are needed. 

Whether electrophysiologically zuided deio is ad- 
vantageous for patients with inducible VT is difficult to 
determine. As seen in Table II, electrophysiologically 
selected therapy was deemed effective on follow-up in 


TABLE I Results of Programmed Stimulation in Patients with Nonsustained Ventricular Tachycardia 


No. of 


Reference Stim. Protocol Pts. 


Buxton et alt £283 (Sa, isoprotenerol, LV) 


Veltri et al? €S (LV) 


Spielman et al® S5354 


Sulpizi etal’ £233 (Sa, LV) 


Furukawa et al? S2535455 


%SuVT %\Vfib *NSVT Correlate of inducibility 


Left ventricular aneurysm 
Structural heart disease 


Akinesia or aneurysm 


LV dysfunction 


Akinesia / dyskinesia EF <40% 


_ CAD = coronary artery disease; EF = ejection fraction; HD = heart disease; LV = left ventricle; n-CAD = noncoronary artery d.sease (i.e., cardiomyopathy or valvular disease); nl = 
normal; NSVT = nonsustained ventricular tachycardia; Stim. protocol = stimulation (parentheses indicate use in some but not all patients): SuVT = sustained ventricular 


tachycardia; Vfib = ventricular fibrillation. 


82 to 93% of the small number of patients in these stud- 
ies. Buxton et al! and Klein and Machell! compared 
these results with those in a group of inducible patients 
without electrophysiologically guided therapy. However, 
the groups without electrophysiologically guided thera- 
py were not comparable because they included a much 
higher percentage,!> or even all,!6 of the patients for 
whom no effective drug could be found at electrophysio- 
logic study. Whether electrophysiologically guided ther- 
apy is superior to Holter-guided, empiric or no therapy 
is not known. 

Electrophysiologic studies have helped us appreciate 
the complexity of nonsustained WT. Electrophysiologic 
studies, despite their limitations, may be clinically use- 
ful in certain subsets of patients, i.e., those with syncope 
and those with infrequent relatively prolonged episodes. 





However, further studies are needed before widespread 
application of electrophysiologic studies to patients with 
nonsustained VT can be recommended. 


REFERENCES 

1. Mitchell LB, Duff HJ, Manyari DE, Wyse DG. A randomized clinical trial of 
the noninvasive and invasive approaches to drug therapy of ventricular tachycar- 
dia. N Engl J Med 1987;317:1681-1687. 

2. The ESVEM Investigators. The ESVEM Trial. Electrophysiologic study ver- 
sus electrocardiographic monitoring for selection of anti-arrhythmic therapy of 
ventricular tachyarrhythmias. Circulation 1989;79:-1354-—~1 369. 

3. Califf RM, McKinnis RA, Burks J, Lee K, Harrell F, Behar V, Pryor D, 
Wagner G, Rosati R. Prognostic implications of ventricular arrhythmias during 
24 hour ambulatory monitoring in patients undergoing cardiac catheterization for 
coronary artery disease. Am J Cardiol 1982;50:23-31. 

4. Buxton A, Waxman H, Marchlinski F, Josephson M. Electrophysiologic stud- 
ies in nonsustained ventricular tachycardia: relation to underlying heart disease. 
Am J Cardiol 1983;52:985~-991. 


TABLE If Clinical Application of Electrophysiologic Studies in Patients with Nonsustained Ventricular Tachycardia 


Stim. 


Reference Arrhythmia %PS/S Protocol 


Positive 
Study 


Inducible 


Noninducible inducible EP Rx Non-EP Rx 


F/U 
(mo n 


%Arrhythmia 
free n 


%Arrhythmia 
free 


‘Arrhythmia 
free 


Gomes et al!3 


Zheutlin et al!4 


Buxton et al!® 


Klein and 
Machel!'® 


Manolis and 
Estes!’ 


Hammill et al!® 


Lown I!I-8% 
Lown 4A-41% 
Lown 4B-51% 
Lown !1-7% 
Lown 4A-11% 
Lown 48-82% 
23 beet VT 


>5 beat VT 


>3 beat VT 


CAD--77% 
n-CAD-14% 
ni-10% 
CAD~-56% 
n-CAD-44% 


CAD—100% 


CAD~100% 


CAD~—100% 


EF<40-CAD 0 
100% * 


$233 


S4 (nsr 
only) 


S285354 


suVT 

VF 

>5 beat NSVT 
26 beat NSVT 


SuVT 

Symptomatic 
NSVT 

SuVT 

25 beat 
monomor- 
phic NSVT 

SuVT 

VF 

26 beat NSVT 
monomor- 
phic or poly- 
morphic 

SuVT 


* Only this group was used for analysis. 


EP Rx = therapy selected by serial electrophysiologic studies; F/U = follow-up; non-EP Rx = therapy not selected by electroprysiologic study; nsr = normal sinus rhythm; %PS/S 


= % with presyncope or syncope. Other abbreviations as in Table |. 
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bnormal transvalvular flow due to partial or com- 
plete obstruction of the outflow orifice or the mo- 
bile element, and valve leaks due to valvular or paravalvu- 
lar lesions, are the 2 main types of prosthetic valve dys- 
function. Quantitative Doppler echocardiography has 
been used for assessing transprosthetic flow characteris- 
tics and pressure gradients.'-> In addition to prosthetic 
size, left ventricular (LV) function may be another im- 
portant factor in assessing transprosthetic hemodynamic 
parameters. In a previous report of ours®; we assessed 74 
patients with normally functioning St. Jude medical 
(SJM) prostheses in the aortic valve position by using 
Doppler echocardiography and found that a depressed 
LV ejection fraction resulted in corresponding changes in 
Doppler-derived transprosthetic hemodynamic measure- 
ments. The study evaluates the effect of LV function on 
Doppler-derived hemodynamic indexes in abnormally 
functioning SJM prostheses in the aortic valve position. 
From January 1985 to June 1988, 13 patients with 
malfunctioning SJM prostheses in the aortic valve posi- 
tion were confirmed by cardiac catheterization and/or 
reoperation and with high-quality cardiac images and 
Doppler flow spectral signals; they were included for 
quantitative analysis (Table D). There were 9 men and 4 
women aged 21 to 84 years (mear 56 + 21). Prosthetic 
sizes ranged from 19 to 27 mm. Ten (77%) patients had 
valvular and/or paravalvular leaks and significant re- 
gurgitation proven by cineangiography and 7 underwent 
reoperation. The postoperative interval was 1.6 + 2.8 
years (range I week to 4.8 years). 
Doppler echocardiography was performed using Irex 
/ Meridian phased array or Interspec XL mechanical ul- 
trasound systems with pulsed and continuous mode 
Doppler (2.0 MHz) transducers. LV ejection fraction 
was measured from end-diastolic and end-systolic vol- 
umes determined by the microprocessor-controlled digi- 
tized planimeter of tracings from 2 orthogonal apical 
views and using biplane Simpsons rule method’ The 
velocity profile across the aortic valve prosthesis was 
obtained from apical, right parasternal or suprasternal 
views. Peak velocity was the highest value recorded from 
multiple views. Peak pressure gradient (Ap) was esti- 
mated from the peak transvalvular velocity (V) using the 
simplified Bernoulli equation (Ap = 4V*). The mean 
velocity and mean pressure gradient, time of flow and 
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acceleration were calculated using commercially avail- 
able hardware and scftware. Velacity time integral was 
calculated by multiplying the mean velocity and time of 
flow and dividing by -/ RR to correct for heart rate. For 
all patients, 3 to 5 cardiac cycles were measured and 
averaged. In 2 patients with atrial fibrillation, =6 cardi- 
ac cycles were measured. 

Results were expressed as the mean + standard devi- 
ation. Statistically significant differences between dif- 
ferent groups were determined using the unpaired t test 
or chi-square test where appropriate. Statistical correla- 
tion between Doppler-derived measurements and pros- 
thetic size was made using linear regression analysis. A p 
value £0.05 was considered statistically significant and 
that of <0.10 margirally significant. 

Doppler echocardtographic measurements in the 13 
patients are listed in Table I. Five patients had normal 
(20.51) LV ejection ‘fraction (group A) and 8 patients 
had depressed (<0.51) ejection fraction (group B). An- 
other 72 (with comparable prosthetic sizes from 19 to 27 
mm and ages 62 + 15 vears) of 74 patients with normally 
functioning SJM prostheses in the aortic valve position 
were used as control subjects; 33 patients (control group 
A) had normal ejection fraction and 39 patients (control 
group B) had depressed ejection fraction. 

Table II lists Doppler-derived transprosthetic hemo- 
dynamic measurements in patients with malfunctioning 
SJM prostheses in the aortic valve position compared to 
control subjects in re:ation to normal or depressed LV 
ejection fraction. Peak (51 + 15 mm Hg) and mean (27 
+ 9 mm Hg) pressure gradients in group A patients with 
malfunctioning prostheses and normal ejection fraction 
were higher than in group B patients with depressed 
ejection fraction or patients with normally functioning 
prostheses regardless of LV function. Similarly, correct- 
ed velocity time integral measurements in group A pa- 
tients were significantly higher than those in both control 
group patients (p <0.05). Significant differences for 
pressure gradients and corrected velocity time integral 
measurements were clso found between group B and 
control group B patients (both with depressed ejection 
fraction) and abnormal and normal prostheses, respec- 
tively (p <0.025 to 0.001). However, no significant dif- 
ferences for these Doopler-derived transprosthetic he- 
modynamic indexes were found between the mean values 
of group B and control group A patients. There were no 
significant differences for acceleration measurements 
between different groups. 

Interobserver variability for quantitative measure- 
ment of peak pressure gradient assessed in 47 patients 
between 2 independent observers was 4.4 + 4.0%, where- 
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TABLE I Clinical Characteristics, Hemodynamics and Doppler Eshocardiographic Measurements in 13 Patients with 


Malfunctioning St. Jude Aortic Valve Prostheses 





Doppler Echocardiography 
Age (yrs) Frosthetic Degree of AR PSG MG VTlc Acc 
& Sex Sze (mm) (0 to 3+) (mm Eig) (mm Hg) (m) ‘m/s*) LVEF 


3t 


1+ 


(P-P abscess) 


Acc = acceleration; AR = aort.c regurgitation; LVEF = left ventricular ejecion fraction MG = mean pressure gradient; P-P = paraprosthetic; PSG = peak systolic gradient; VTic = 


corrected velocity time intezral. 


TABLE il Comparison of Doppler-Derived Transprostt:atic 
Hemodynamic Measurements Between Patients with 

' Malfunctioning or Narmally Functioning Prostheses in Felation 
to Normal or Depressed Left Ventricular Ejection Fraction 


PSG MG 
(mmHg) (mmHg) 


Si415*F 2749+ 82 + 43 


354105 1946$ 67 +24 


ControlA 32413 1E+6 86+ 48 


ControiB 2248 ll+4 53423 


p <0,05 to 0.001. 

* A versus B; ' A versus concrol group A or B; 'p <0.1, A versus 8; B versus 
control group B. 

HR = heart rate; other aboreviations as in Table |. 


as the intraobserver variability for ejection fraction as- 


_ sessed in 30 patients was 9 + 1% in our previous study.° 


Doppler-derived aortic transprosthetic velocity and 
pressure gradient is dependent on several factors. In addi- 
tion to valve size, LV function is important. In many 
previous studies,'~* LV function was not considered. The 
findings in recent s-udies*»° showed that the assessment of 
normally functioning prostheses can be improved by eval- 
uating both LV ejection fraction and prosthetic size. Data 
in this study further confirm that in patients w:th mal- 
functioning valve prostheses, a depressed ejection fraction. 
resulted in corresponding decreases in Doppler-derived. 
transprosthetic pressure gradients and corrected velocity 
time integral measurements. Patients with abnormal aor- 
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tic valve prostheses and normal ejection fraction had the 
highest Doppler-derived pressure gradients and corrected 


‘velocity time integral measurements. Doppler indexes 


were similar in patients with a normal prosthesis and 
normal LV function and in patients with prosthetic mal- 
function and depressed LV function. In patients with 
depressed LV function, Doppler indexes were higher in 
prostheses functioning abnormally. Therefore, it is neces- 
sary to evaluate LV function and baseline and serial 
follow-up Doppler studies to detect prosthetic valve dys- 
function. 3 
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Analysis of Heart Rate Changes in Cardiac Transplant Recipients 


_Related to Graft Rejection 


j í 
~ Gottfried Heinz, MD, Günther Laufer, MD, Thomas Ohner, MD, Slobodan Gasic, MD, 


and Axel Laczkovics, MD 


n this report we describe our observations regarding a 

decrease in spontaneous donor resting heart rate (HR) 
that correlates with histologic evidence of allograft rejec- 
tion in a group of 42 patients after orthotopic cardiac 
transplantation. The study was designed to test the null 
hypothesis that there would be no difference in HR be- 
tween the rejection and no-rejection groups. 

Data from 42 patients (38 men, 4 women, donor age 
27.6 + 8 years, recipient age 43.3 +10 [mean + standard 
deviation|) were suitable for retrospective analysis. The 
classic orthotopic operative technique of Lower and 
Shumway was used in all patients. With cardiac trans- 
plantation, the donor atrium is denervated and remains 
so indefinitely.’ Standard immunosuppressive therapy 
consisted of prednisolone, azathioprine, cyclosporine A 
and antithymocyte globulin. Weekly endomyocardial bi- 
opsies are done at our center in the first month, starting 
in the first week after transplantation, and a standard 
12-lead surface electrocardiogram is recorded routinely 
on the day of biopsy. This is usually done after the 
biopsy with the patient at rest. The HR was calculated 
from 10 consecutive RR intervals. Because the donor 
heart is surgically denervated, there was considerable 
little variation in the HR at rest. Biopsy results were 
graded according to Billingham (no-mild-moderate-se- 
vere).’ To standardize the number of data points in each 
patient, only measurements obtained within the first 4 
_ weeks after transplantation were considered for analysis. 
Patients with atrial arrhythmias, permanent pacemak- 
ers and patients receiving any medication exerting direct 
or indirect chronotropic effects (antihypertensives) were 
excluded. Finally, a total of 141 biopsy results with 
concomitant HR measurements were available for anal- 
ysis. There were 4 consecutive data points in 24 patients, 
3 in 9 patients and 2 in 9 patients. 

Comparisons were done by unpaired Student's t test 
and by 1-way analysis of variance followed by Scheffe’s 
multiple-range comparison test, as appropriate. 

Of the 141 biopsies corresponding to HR measure- 
ments, 67 were classified as no rejection and a total of 74 
were classified as either mild (n = 61), moderate (n = 
12) or severe (n = 1) rejection. HR measurements were 
pooled in the rejection group (n = 74) versus the no 
rejection group (n = 67) and the results are listed in 
Figure 1. The mean HR was 92 + 11 beats/min (median 
94, range 57 to 115) for the group showing no rejection 


and 86 + 14 (median 89, range 51 to 110) in the group 


From the Department of Medicine I and the Department of Surgery II, 
University of Vienna, Lazarettgasse 14, 1090 Vienna, Austria. Manu- 
script received January 22, 1990; revised manuscript received and ac- 
cepted April 30, 1990. 


with histologic evidence of rejection (p = 0.005). Confi- 
dence limits (+ 95%) ranged from 89 to 95 beats/min in 
the no rejection group and from 82 to 89 beats/min in the 
rejection group. 

Arranging the HR into subgroups according to the 
grade of rejection revealed significant (p <0.05) differ- 
ences in HR between the group graded moderate rejec- 
tion when compared with the group without histologic 
evidence of rejection (Table I). 

A significant decrease in donor HR during cardiac 
allograft rejection was found. Moreover, the HR seems to 
reflect the severity of tae rejection process (Table I). Our 
data are consistent with currently evolving concepts of an 
altered automaticity of pacemaker tissue during episodes 
of cardiac allograft rejection.*4 Our findings are also in 
accordance with earlie- observations of Jose, who found 
a decrease of the intrinsic HR (the HR obtained after 
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FIGURE 1. The sinus rate in cardiac transplant recipients free 
of rejection (a total of 67 biopsy results with concomitant 
heart rate measurements im 42 patients) versus those with 
mild, moderate or severe rejection pooled in 1 group (n = 74). 
Differences are statisticall, significant (p = 0.005). Data are 
mean + standard deviation. 


THE AMERICAN JOURNAL OF CARDIOLOGY SEPTEMBER 1, 1990 647 


FA A ee gig ae: 
NA PRP RN ree nt nan 


®t nn rae 


TABLE I Changes in Spontaneous Donor Heart Rate Related 
to Cardiac Allograft Rejection 


Confidence Limits 


HR (beats/min) of HR (beats/min) 


Grade of eeaeee 
Rejection n  Mean+$0 Median/Range ~—95% +95% 


No 67 9211 94 

57 to 115 
Mild 6] 882413 90 

52to 110 
Moderate 12 77+4719* 72 

51 te 109 
Severe 1 70 _ 


* p <0.05 (Scheffe test) versus follow-ups without histologic evidence of rajection. 
HR = spontaneous resting heart rate; SD = standard deviation. 





pharmacologic autonomic blockade) in a variety cf cardi- 
ac disorders. 

Major determirants of HR other than rejection were 
probably not of importance in our study grou> for 3 
reasons. First, patients receiving antihypertensive drugs 
were excluded. Second, the effect of circulating catechol- 
amines may be neglected in view of the resting conditions 
before and during registration of the electrocardiogram; 
circulating catechclamines in cardiac transplan: recipi- 
ents, however, have teen found to increase only in re- 
sponse to greater work loads. Third, neural au-onomic 
influences are not of importance since the transplanted 





human heart is surgically denervaced and remains so 
indefinitely.! 

The precise mechanism of the observed phenomenon 
remains to be determined. Local release of adenosine is 
currently under discussion as a possible mechanism for ~ 
negative chronotropy :n cardiac rejection.4 However, a 
decrease in HR might be caused bv local edema or the 
cellular infiltrate itself as well; an increase in intercellular 
coupling resistance or capacitance vould clearly increase 
the spontaneous sinus cycle length.’ 

Future studies should be directed at confirming our 
observation and at evaluating possibilities of standardiza- 
tion to make use of this principle m a clinical setting. 


1. Stinson EB, Schroeder JS, Griepp RB, Shumway NE, Dong E. Observations 
on the behavior of recipient atria after cardiac t-ansplantation in man. Am J 
Cardiol 1972;30:615-622. 

2. Billingham ME. Diagnosis of cardiac rejection by endomyocardial biopsy. J 
Heart Transplant 1981;1:25-30. 

3. Zbilut JP, Murdock DK, Lawson L, Lawless CE, Von Dreele MM, Porges SW. 
Use of power spectral analysis. of respiratory sinus arrhythmia to detect graft 
rejection. J Heart Transplant 1988;7:280-287. 

4, Ellenbogen KA, Szentpetery S, Katz MR. Reversibility of chronotropic dys- 
function with theophylline follo wing orthotopic heart transplantation. Am Heart J 
1988;116:202-206. 

5. Jose AD. Effect of combined sympathetic and parasympathetic blockade on 
heart rate and cardiac function in man. Am J Cardiol 1966;18:476-478. 

&. Pope SE, Stinson EB, Daughters GT, Schreode- JS, Ingels NB, Alderman EL. 


. Exercise response of the denervated heart in longterm cardiac transplant recipi- 


ents. Am J Cardiol 1980,:46:2i 3-218. 
7. Michaelis DC, Matyas E>, Jalife J. Mechenism of sinoatrial pacemaker 
synchronization: a new hypothesis. Cire Res 19&7,;61:704-7 14. 


Failure of Trifluoperazine to Resolve Spontaneous Echo Contrast 
Evaluated by Transesophageal Echocardiography 


Rainer Hoffmann, MD, Heinz Lambertz, MD, Andreas Kreis, MD, and Peter Hanrath, MD 


S pontaneous echo contrast, the echocardiogrephic ap- 
pearance of discrete, smoke-like intracavitary reflec- 
tances, was described for the first time in 1975 b» Feigen- 
baum et al.! Since the introduction of transessphagea. 
echocardiography and the usage of higher f-equencr 
transducers, it is a well recognized phenomencn, whick 
occurs in conditions with diminished blood flow velocities. 
Transesophageal echocardiography has shown iis superi- 
ority to the transthoracic ultrasound approach, especially 
for assessment of spontaneous echo contrast in the left 
atrium. The exact pathophysiologic mechanism responsi- 
ble for occurrence cf spontaneous echo contrast is nct 
known. Erbel et al* found increased platelet agzregation 
in patients with spontaneous echo contrast. It has beer 
shown that spontaneous echo contrast is involved with an 
increased risk of embolic events.? It is therefore zhe thers- 
peutic aim to effect its resolution. 
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Trifluoperazine is a substance with documented prop- 
erties for inhibition of platelet aggregation by selectively 
binding calmodulin, which activates platelet phospholi- 
pase A>. Additional_y, it disaggregates existing platelet 
ageregates.* Recent_y, the successful application of tri- 
fluoperazine for resolution of spontaneous echo contrast 
seen by transthoracic echocardiography has been de- 
scribed in a case report in this journal.° We prospectively 
investigated the effect of oral trifluoperazine on sponta- 
neous echo contrast using transesophageal echocardiog- 
raphy in 5 patients. 

Transthoracic and transesophageal echocardiogra- 
phy were recorded using a Hewlett Packard Sonos 500 
(2.5 MHz transtheracic transducer, 5.0 MHz transe- 
sophageal echoscope). Patient data are listed in Table I. 
Four patients were investigated because of preceding em- 
bolic events during the last 3 months. By using transe- 
sophageal echocaraiography, 4 patients showed sponta- 
neous echo contrast within the left atrium, 2 of them 
suffered from left heart failure and 1 patient had a 
mitral valve prothesis. One patieat was in atrial fibrilla- 
tion. In an additional patient wit’ dilated cardiomyopa- 





i Age (yrs) : Concomitant Clinical History Localization TGC Before TGC After | l 
~&Sex -Therapy Diagnosis LVEF(%)  ofEmbolism — of SEC Therapy (dB) Therapy (dB). 


i. -66,M heparin AF DC 20 Peripheral LA+LV 10 i0 
oe, F coumarin SR MVP 55 Peripheral LA 25 20) 
ol Ben 52M aspirin AF CAD 60 ee iA 25 30 
|4. 60M — AF HC 25 Cerebral LA 20 20 
8 78M — AF CAD 25 Cerebral LA 15 20 


; _. AF = atrial fibrillation; CAD = coronary artery disease; DC = dilated cardiomyopathy, HC = hypertrophic cardiomyopathy; LA = left atrium LVEF = lef ventricular eechon | : 
of fraction: MVP = mitral valve prothesis; SEC = spontaneous echo contrast; SR = sinus rhythrm TGC = time gain control. l 
















_ thy, spontaneous echo contrast was detectable within the anticoagulation therapy when they were studied first by 
left atrium as well as in the left ventricular cavity. In no transesophageal echocardiography. One patient received 
patient was thrombus formation or another source of heparin therapy (25,000 [U/day), 1 patient received as- 
_ cardiac embolization found by transthoracic and transe- pirin (100 mg/day) and the remaining patient received 
_ Sophageal echocardiography. Three patients were under coumarin (Quick's value of 25%). These therapeutic 
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fluopera z ine. Agath, ‘the minimal gain settings re- 
i ed | l for imaging © of spontaneous echo contrast were 


Ae “Despite therapy with trifluoperazine, spontaneous 
echo contrast persisted in all 5 patients. Its density re- 
mained unchanged. The minimal time gain control set- 
-ting for detection of spontaneous echo contrast was 19 + 
7 dB before and 20 + 7 dB after treatment with trifluo- 

:perazine. As a monotherapy, trifluoperazine did not 
show any effect on spontaneous echo contrast formation 


one (Figure 1). Trifluoperazine in combination with heparin, 


coumarin or aspirin did not effect any change in sponta- 


k = : neous echo contrast density either (Figure 2). An inhibit- 
- ing effect of a combination therapy consisting of trifluo- 


perazine with other platelet inhibitors or anticoagulants 
therefore seems to be unlikely. 

-. By using transesophageal echocardiography, which is 
ie distinguished from the transthoracic approach by a high- 


: spontaneous echo contrast pre 


| days before the Cen of trifluoperazine 


oer ehon the last administration of 










a result from a nonidentical gain setting | before da 
the administration of aa drug. The patient invest pi 







normal pulsed-wave Doppler f flow. ae 










ne been described recently.’ i They must b 
as related to local flow disturbances. Therefor 
be excluded that the aeo change i in Spo 






aea. in 1 local sia tes phenomenon fter 
dial infarction. z 





1. Schuchmañ H, Feigenbaum H, Dillon IC, ‘Chang S: inaia cohoes | in 
patients with mitral prothetic: valves. J Clin: Ultrasound 1976;3:107-110.°0 7 
2, Erbel R, Stern H, Ehrenthal W, Schreiner G, Treese N; Kramer G, Thelen M; 
Schweizer P, Meyer J. Detection of spontaneous echocardiographic contrast with- 
in the left atriam by transesaphageal echocardiography: spontaneous echocardio- 
graphic contrast. Clin Cardiol 1986:9:7435-232. . i 
3. Daniel WG, Nellessen U, Schroder E, Nonnast-Daniel B, Bednarski. P, Nikua. 
P, Lichtlen PR. Left atrial spontaneous écho contrast in mitral- valve disease: an- 
indicator for an increased thrombo-embolic tisk. J Am Coll. Cardiol 1988; l E ie 
1204-1211, a 
4. Rao GHR, Reddy KR, White JG. Influence of trifluoperazine on platelet 
aggregation and disaggregation. Prostaglandins and Medicine 1 9805: gals 
234. 

5. Mahony C, Sublett KL, Harrison MR. Resolution of spontaneous contrast with: 
platelet disaggregatory therapy (trifluoperazine). Am J Cardiol ! 989,63: 1009- 
1010. 
6. Delemarre BJ, Visser CA, Bot H, de Koning H, Dunning A Long-term 
predictive value of left ventricular spatial flow pattern for thrombus. forma-~ 
tion after acute myocardial infarction (abstr). Circulation 1989;(suppl es 
I-i. ; 









Hatoprotol tartrate USP 


rlablets 
P" Ampuis 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

Hypertension o 

Lopressor tablets are indicatad for the treatment ot hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Angina Pectoris l 
Lopressor is indicated in the long-term treatment of angina 
pectoris. 

Myocardial infarction we . 
Lopressor ampuls and tablets are indicated in the treatment of 
aoran y Stable patients with definite or suspected 
acute myocardial infarction to reduce cardiovascular mortality. 
Treatment with intravenous Lopressor can be initiated as soon 
as the patient's clinical condition allows (see DOSAGE AND 
ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS). 
Alternatively, treatment can begin within 3 to 10 days of the 
acute event (see DOSAGE AND ADMINISTRATION). 


CONTRAINDICATIONS | 

Hypertension and Angina . 

Lopressor is contraindicated in sinus bradycardia, heart block 
reater than first degree, cardiogenic shock, and overt cardiac 
allure (see WARNINGS). 

Myocardial infarction 

Lopressor is contraindicated in patients with a heart rate 

< 45 beats/min; second- and third-degree heart block: signifi- 

cant first-degree heart block {P-R interval = 0.24 sec): systolic 

bicod pressure < 100 mmHg, or moderate-to-severe cardiac 

failure (see WARNINGS). 


WARNINGS 
Hypertension and Angina — mo cas 
Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
in hypertensive and angina patients who have congestive heart 
failure controlled by digita‘is and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. . 

ia Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. If cardiac failure continues. de- 
pte adequate digitalization and diuretic therapy, Lopressor 
should be withdrawn. 


ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease. the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. if angina markedly worsens or 
acute coronary insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


poche tt Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Secause of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
tolerate, other antihypertensive treatment. Since beta, se- 
lectivity is not absolute, a beta,-stimulating agent should be 
administered concomitantly, and the lowest possible dose of 
Lopressor should be esd. in these circumstances it would 
be prudent initially to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the langer 
we interval. (See DOSAGE AND ADMINISTRATION.) 

















Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial: 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
protereno!. However, such patients may be subject to pro- 
tracted severe fecal Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers. 

Diabetes and orani Lopressor shouid bg used 
with caution in diabetic patients if a bete-hiocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
Sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical signs (e.g., tachycardia) of hyperthyroidism. Patients 
Suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial infarction 

cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
rotential hazard of depressing myocardial contractility and pre- 
ipitating or exacerbating minimal cardiac failure. 

During treatment with Lopressor, the hemodynamic status 
if the patient should be carefully monitored. If heart failure 


occuss of persists despite appropriate treatment, Lopressor 
should be discontinued. Ea 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, — 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered, 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec}. second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg} should be administered intravenously. 
it treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: if hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. invasive monitoring 
of central venous. aca capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents. balloon counterpuisation, or other 
treatment modalities shouid be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

rri re Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to wha: 
extent beta,-stimulating agents may exacerbate myocardia: 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. It bronchospasm not related te 
congestive heart failure occurs, Lopressor should be discoa- 
tinued. A theophylline derivative or a beta, i bow may he 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and bets, agor- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General l 
Lopressor shouid be used with caution in patients with im- 
paired hepatic function. 

information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meats. 
if a dose shouid be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should nat 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any diffi- 
culty in breathing occurs: (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
Serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug interactions 

Catecholamine-depieting drugs (e.g , reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension cr 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
rophages in pulmonary alveoli and a slight increase in biiy 
hyperplasia. Neither ng represents symptoms of a known 
disease entity in man. in a 21-month study in Swiss albino nice 
at three oral dosage levels of up to 750 mg/kg per day, bemgn 
lung tumors (small adenomas) occurred more frequently is 
female mice receiving the highest dose than in untreated can- 
troi animals. There was no increase in malignant or totai 
(benign pius malignant) lung tumors, nor in the overall inc- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-t mice, and no statistically or biologically 
significant differences were observed between treated andicon- 
tral mice of either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells. a Salmonella: 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was èb- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C l 

Lopressor has been shown to increase postimplantation lass 
and decrease neonatal survival in rats at doses up to 55. Sitimes 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressoris 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used euring 
pregnancy only H clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast miik daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 


Pediatric Use ete 
Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

yrortonnon and Angina l 

ost adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 160 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night 
mares, and insomnia have aiso been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 109 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type: palpitations 
congestive heart failure: peripheral edema; and hypotension 
have been reported in about 1 of 100 piene See ÇON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

ST Wheezing {bronchospasm} and cepas haye 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about § of | 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. . 

Hypersensitive Reactions: Pruritus or rash have occurred i 
about 5 of 100 patients. Worsening of psoriasis has aise been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have aiso been reported. . 

There have been rare reports of reversible alopecia, 
nl de yeaa and dry eyes. Discontinuation of the drug 
should y considered if any such reaction is not otherwise 
explicable. 

he oculomucocutaneous syndrome associated with the beta 
blocker practolo! has not been reported with Lopressor, 
Myocardial Infarction . 
Central Nervous System: Tiredness has been reported m 
about 1 of 100 patients. Vertigo, sleep disturbances, haflucina- 
tions, headache, dizziness. visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
fianship is not clear. 

Cardiovascular: in the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
{heart rate < 40 beats/min) 

Second- or 4 7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block {P-R = 0.26 sec) 

Heart failure 21.5% 29.6% 


Ai el Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear 
Potential Adverse Reactions 
A variety of adverse reactions not listed above have been re- 
ported with other beta-adrenergic blocking agents and should 
be considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression pro- 
gressing to Catatonia; an acute reversible syndrome character- 
ized by disorientation for time and piace, short-term memory 
loss, emotional lability, slightly clouded sensarium, and de- 
creased performance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
aeyeel eases of overdosage have been reported, some leading 
to death. 

Orat LOso's (mg/kg): mice, 1158-2460: rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

_ in general, patients with acute or recent myocardial intarc- 
tion may be more hemodynamically unstable than other g 
tients and shouid be treated accordingly {see WARNINGS, Myo- 
cardial Infarction). 

On the basis of the pharmacologie actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage shouid be 
performed. 

Bradycardia: Atropine should be administered. if there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered caufiousty. 

Hypotension: A vasopressar should be administered, Eg., 
levarterenol or dopamine. 

Bronchospasm: A beta,-stimulating agent and/or a theo- 

a ed derivative shouid be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting fram inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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